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THE 

PRACTICAL  MODEL  CALCUUTOR. 


WBI0HI8  AHB  XEASUBES. 


THE  UNIT  OF  LENGTH. 

The  Yard. — ^If  a  pendulum  vibrating  seconds  in  vacuo,  in  Phi- 
ladelphia, be  divided  into  2509  equal  parts,  2310  of  such  eoual 
parts  is  the  length  of  the  standard  jard ;  the  measures  are  tasen 
on  brass  rods  at  the  temperature  of  82®  Fahrenheit.  This  yard 
will  not  be  in  error  the  ten-millionth  part  of  an  inch. 
2810  :  2609  as  1-  to  1-086142  nearly. 

THE  UNIT  OF  WEIGHT. 

The  Pounds  avoirdupois,  is  27*7015  cubic  inches  of  distilled 
water,  weighed  in  air,  at  the  temperature  of  maximum  density, 
89^-82 ;  the  barometer  at  80  inches. 

THE  LIQUID  UNIT. 

The  QaJjUm^  281  cubic  inches,  contains  8*8388822  pounds  avoir- 
dupois, equal  58372-1754  grains  troy  of  distilled  water,  at  89^*82 
Fah. ;  the  barometer  at  80  inches. 

UNIT  OF  DRY  CAPACITY. 

The  Bushel  contains  2150-42  cubic  inches,  77-627412  pounds 
avoirdupois,  543391-89  grains  of  distHled  water,  at  the  temperature 
of  maximum  density ;  the  barometer  at  30  inches. 

The  French  unit  of  length  or  distance  is  the  metre,  and  is  the 
ten-millionth  of  the  quadrant  of  the  globe,  measured  from  the 
equator  to  the  pole. 

The  French  Metre  —  8-2808992  English /ee«  linear  measure  = 
89-8707904  inehes. 


For  Multiples  the  follomng  Cheek 
words  are  used : 

Deca  for 10  times. 

Secto  — 100  times. 

JKOo    — 1000  times. 

Myria— 10000  times. 


For  Divisors  the  following  Latin 

words  are  used: 
Deei  for  the  IQth  part. 
Centi     —     IQQth  part. 
Milli     —     lOOOa  part. 
Thus  a  Kilometre  =>  1000  metres, 
metre 


Millimetre  —  -i  qqq 

The  S(]^uare  Deca  Metre^  called  the  Are^  is  the  element  of  land 
measure  m  France,  which  »  1076-42996  square  feet  English. 
The  Stere  is  a  cubic  metre  «  35*316582  ctibicfeet  EngliaSi. 
a2  6 


6  THE   PRACTICAL  MODEL  CALCULATOR. 

The  Litre  for  liquid  measure  is  a  cubic  decimetre  «  1*76077 
imperial  pints  English,  at  the  temperature  of  melting  ice ;  a  lUre 
of  distilled  water  weighs  15434  grains  troy. 

The  unit  of  weight  is  the  gramme :  it  is  the  weight  of  a  cubic 
centimetre  of  distilled  water,  or  of  a  millilitre,  and  therefore  equal 
to  15*484  grains  troy. 

The  kilogramme  is  the  weight  of  a  cubic  decimetre  of  distilled 
water,  at  the  temperature  of  maximum  density,  4^  centigrade. 

The  pound  troy  contains  5760  grains. 

The  pound  avoirdupois  contains  7000  grains. 

The  English  imperial  gallon  contains  277*274  cubic  inches ;  and 
the  English  corn  bushel  contains  eight  such  gallons,  or  2218*192 
cubic  inches. 

apothecaries'  weight. 

Grains marked gr. 

20  Grains  make  1  Scruple      —    sc.  or  3 

3  Scruples  —    1  Dram         —    dr.  or  z 

8  Drams    —    1  Ounce        —    oz.  or  3 

12  Ounces  —    1  Pound       —    lb.  or  Jb. 

fr.        60. 
0=1       dr. 
60  =      8  «    1       oz. 
480  =.    24  =    8  =    1      lb. 
5760  =  288  =  96  «  12  =  1 
This  is  the  same  as  troy  weight,  only  having  some  different 
divisions.     Apothecaries  make  use  of  this  weight  in  compounding 
their  medicines ;  but  they  buy  and  sell  their  drugs  by  avoirdupois 
weight. 

avoirdupois  weight. 

Drams marked  dr. 

16  Drams make  1  Ounce —      oz. 

16  Ounces —    1  Pound —      lb. 

28  Pounds —    1  Quarter —      qr. 

4  Quarters —    1  Hundred  Weight...    —      cwt. 

20  Hundred  Weight...   —    1  Ton —      ton. 

dr.  oz. 

16  «  1  lb. 

256  «        16  =        1        qr. 
7168  =      448  =      28  «    1      cwt. 
28672  =.    1792  «    112  =    4  «    1      ton. 
673440  =  85840  =  2240  =-  80  =  20  -  1 

By  this  weight  are  weighed  all  things  of  a  coarse  or  drossy 
nature,  as  Corn,  Bread,  Butter,  Cheese,  Flesh,  Grocery  Wares, 
and  some  Liquids ;  also  all  Metals  except  Silver  and  Gold. 

Oz.  Dwt.  Gr. 
Note^  that  1  lb.  avoirdupois  =  14    11     15J  troy. 
1  oz.        —         «    0    18      5J  — 
1  dr.        —         «    0      1      8J  — 


WEIGHTS  AKB  MEASURES.  7 

TROY  WEIGHT. 

Grains marked  Gr.        Gr.     Dwt. 

24  Grains  make  1  Pennyweight  Dwt.       24  =»      1      Oz. 

20  Pennyweights  1  Ounce         Oz.       480  «    20  =    1     Lb. 

12  Ounces  1  Pound         Lb.  5760  =  240  =  12  =  1 

By  this  weight  are  weighed  Gold,  Silver,  and  Jewels. 

LONG  MEASX7RE. 

3   Barley-corns make  1  Inch marked  In. 

12    Inches —    1  Foot —     Ft. 

8   Feet —    1  Yard —     Yd. 

6    Feet —    1  Fathom —     Fth. 

5    Yards  and  a  half —    1  Pole  or  Rod —      PL 

40   Poles ; —    1  Furlong —     Fur. 

8   Furlongs —    1  Mile —     Mile. 

3   Miles : —    1  League —     Lea. 

694  Miles  nearly —    1  Degree —     Deg.or^. 

In.  Ft. 

12=        1  Yd. 

36-        3    =        1  PL 

198=      16J=        5J«      1       Fur. 
7920  =    660    =    220    =    40  =  1       Mile. 
63360  =  5280    =-  1760    =  820  «  8   =  1 

CLOTH  MEASURE. 

2  Inches  and  a  quarter.... make  1  Nail marked  Nl. 

4  Nails —    1  Quarter  of  a  Yard..    —      Qr. 

3  Quarters —    1  Ell  Flemish —      E  F. 

4  Quarters —    1  Yard —      Yd. 

6  Quarters...: —    1  Ell  English —      EE. 

4  Qrs.  IJ  Inch —    1  Ell  Scotch —     E  S. 

SQUARE  MEASURE. 

144    Square  Inches make  1  Sq.  Foot marked  Ft. 

9    Square  Feet —    1  Sq.  Yard —      Yd. 

30^  Square  Yards —    1  Sq.  Pole —      Pole. 

40    Square  Poles —    1  Rood —      Rd. 

4    Roods —    1  Acre —     Acr. 

Sq.  Inc.       Sq.  Ft. 

144  -  1        Sq.  Yd. 

1296  fe  9    «        1        Sq.  PL 

39204 »      272i=i      30^=      1       Rd. 
1568160  =  10890    =  1210    «    40  «  1      Acr. 
6272640  «  43560    =  4840    =  160  =  4  =-  1 

When  three  dimensions  are  concerned,  namely,  length,  hreadth, 
and  depth  or  thickness,  it  is  called  cubic  or  solid  measure,  which  is 
used  to  measure  Timber,  Stone,  &c. 

The  cubic  or  solid  Foot,  which  is  12  inches  in  length,  and  breadth, 
and  thickness,  contains  1728  cubic  or  solid  inches,  and  27  solid 
feet  make  one  solid  yard. 
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Pints 

Quarts 

Pottles 

Gallons 

Pecks 

8  Bushels 

5  Quarters..*. 
2  Weys , 

Pts. 

8» 

16  « 

64  « 

512  « 

2560-= 


BBT,  OR  CORN  MEASURE. 

make  1  Quart marked  Qt. 

—    1  Pottle —  Pot. 

—    1  Gallon —  Gal. 

—    IPeck —  Pec. 

—    1  Bushel —  Bu. 

—    1  Quarter —  Qr. 

—    1  Weigh  or  Load...  —  Wej. 

—    1  Last —  Last. 


Gal. 
1 

2» 

8^ 

64  p= 

320  = 


6120  =  640 


Pec. 
1 
4» 

32  = 
160  = 
320  = 


Bu. 
1 

8    : 

40  = 
80  = 


Qr. 

1 

5 
10 


Wey. 

s'  1      Last. 
.  2  «  1 


WINE.  MEASURE. 


2  Pints make  1  Quart. 

2  Quarts 

42  Gallons 

63  Gallons  or  IJ  Tier.. 

2  Tierces 

2  Hogsheads 

2  Pipes 


1  Gallon 

1  Tierce 

1  Hogshead 

1  Puncheon 

1  Pipe  or  Butt.. 
ITun 


.marked  Qt. 

.  —  Gal. 

.  —  Tier. 

.  —  Hhd. 

.  —  Pun. 

.  —  Pi. 

.  —  Tun. 


Pts.  Qts. 

2  =  1       Gal. 

8  =  4=1    Tier. 

336  =  168  =    42  =  1      Hhd. 

504  =  252  =    63  =  IJ  =  1      Pun. 

672  =  336  =.    84  «  2    «  IJ  =  1       Pi. 

1008  =  504  =  126  «  3    -  2    «  IJ  «  1    Tun. 

2016  =  1008  »252«6    =4    =«8    «2»1. 


2  Pints 

4  Quarts 

36  Gallons 

1  Barrel  and  a  half. 

2  Barrels 

2  Hogsheads < 

2  Butts 


ALE  AND  BEER  MEASURE. 

make  1  Quart marked  Qt. 

—    1  Gallon —  Gal. 

—    1  Barrel —  Bar. 

-  1  Hogshead —  Hhd. 

—  1  Puncheon —  Pun. 

—  IButt —  Butt. 

-  1  Tun —  Tun. 


Pts.        Qt. 

2  «      1        Gal. 

8  =      4  =      1      Bar. 
288  «  144  =:    36  =.  1      Hhd. 
432  «  216  =    54  =  IJ  =  1      Butt. 
864  =  432  =  108  =  3    «  2  «  1 


OF  TIMB.  9 

OF  TTMR 

60  Seconds make  1  Minute marked  M.  or^ 

60  Minutes-* —    1  Hour —      Hr. 

24H9ur8 —    IDay —      Day. 

7  Days —    1  Week —      Wk. 

4  Weeks. —    1  Month —      Mo. 

Sec.  Min. 

60  »  1  Hr. 

8600  =  60  «  1       Day. . 

86400  -  1440  -  24  «      1      Wk. 

604800  «  10080  «  168  «      7    «  1      Mo. 

2419200  «  40320  ^  672  «    28    ==4  =  1 

31557600  =  525960  =  8766  =  365^  «  1  Year. 

Wk.Da.Hr.    Mo.Da.Hr. 
Or  52    1     6  =  13    1     6  =  1  JuUan  Year. 
Da.  Hr.  M.  Sec. 
But  365    5    48    48  =  1  Solar  Year. 

The  time  of  rotation  of  the  earth  on  its  axis  is  called  a  sidereal 
dayy  for  the  following  reason:  If  a  permanent  object  be  placed  on 
the  surface  of  the  earth,  always  retaining  the  same  position,  it  may 
be  so  located  as  to  be  posited  in  the  same  plane  with  the  observer . 
and  some  selected  fixed  star  at  the  same  instant  of  time ;  although 
this  coincidence  may  be  but  momentary,  still  this  coincidence  con- 
tinually recurs,  and  the  interval  elapsed  between  two  consecutive 
coincidences  has  always  throughout  all  ages  appeared  the  same. 

It  is  this  interval  that  is  called  a  sidereal  day. 

The  sidereal  day  increased  in  a  certain  ratio,  and  called  the 
mean  solar  day^  has  been  adopted  as  the  standard  of  time. 

Thus,  866-256365160  sidereal  days  =  366-256365160  -  1  or 
365'256365160  mean  solar  days^  whence  sidereal  day  :  mean  solar 
day  : :  865-256865160  :  366-256365160  : :  0-997269672  :  1  or  as 
1  :  1-002737803,  when  23  hoursy  56  minuUs  4-0996608  sec.  of 
mean  solar  time  =  1  sidereal  day ;  and  24  hourSj  8  minutesy 
56*5461797  sec,  of  sidereal  time  =  1  mean  solar  day. 

The  true  solar  day  is  the  interval  between  two  successive  coinci- 
dences of  the  sun  with  a  fixed  object  on  the  earth's  surface,  bring- 
ing the  sun,  the  fixed  object,  and  the  observer  in  the  same  plane. 

This  interval  is  variable,  but  is  susceptible  of  a  maximum  and 
minimum,  and  oscillates  about  that  mean  period  which  is  called  a 
mean  solar  day. 

Apparent  or  true  time  is  that  which  is  denoted  by  the  sun-dial, 
from  the  apparent  motion  of  the  ^n  in  its  diurnal  revolution,  and 
differs  several  minutes  in  certain  parts  of  the  ecliptic  from  the 
mean  time,  or  that  shown  by  the  clock.  The  difference  is  called 
the  equation  of  time,  and  is  set  down  in  the  almanac,  in  order  to 
ascertain  the  true  time. 


ARITHMETIC. 


Arithmbtic  is  the  art  or  science  of  numbering;  being  that 
branch  of  Mathematics  which  treats  of  the  nature  and  properties 
of  numbers.  When  it  treats  of  whole  numbers,  it  is  called  Cowr 
man  Arithmetic ;  but  when  of  broken  numbers,  or  parts  of  num- 
bers, it  is  called  Fractions. 

Unity y  or  a  Unit^  is  that  by  which  every  thing  is  called  cme ; 
being  the  beginning  of  number ;  as  one  man,  one  ball,  one  gun. 

Number  is  either  simply  one,  or  a  compound  of  several  units ; 
as  one  man,  three  men,  ten  men. 

An  Integer  or  Whole  Number^  is  some  certain  precise  quantity 
of  units ;  as  one,  three,  ten.  These  are  so  called  as  distinguished 
from  Fractions^  which  are  broken  numbers,  or  parts  of  numbers ; 
as  one-half,  two-thirds,  or  three-fourths. 

HOTATIOH  AHS  HITMEBATIOIT. 

Notation,  or  Numeration,  teaches  to  denote  or  express  any  pro- 
posed number,  either'by  words  or  characters ;  or  to  read  and  write 
down  any  sum  or  number. 

The  numbers  in  Arithmetic  are  expressed  by  the  following  ten 
digits,  or  Arabic  numeral  figures,  which  were  introduced  into 
Europe  by  the  Moors  about  eight  or  nine  hundred  years  since : 
viz.  1  one,  2  two,  3  three,  4  four,  5  five,  6  six,  7  seven,  8  eight, 
9  nine,  0  cipher  or  nothing.  These  characters  or  figures  were 
formerly  all  called  by  the  general  name  of  Ciphers;  whence  it 
came  to  pass  that  the  art  of  Arithmetic  was  then  often  called 
Ciphering,  Also,  the  first  nine  are  called  Significant  Figures^  as 
distinguished  from  the  cipher,  which  is  quite  insignificant  of  itself. 

Besides  this  value  of  those  figures,  they  have  also  another,  which 
depends  upon  the  place  they  stand  in  when  joined  together ;  as  in 
the  following  Table : 


^• 


4 
i 


Is        .5       -5       ^       -^ 

I    2    I   I 


1    s    I    s    i    I 


&c.   987664321 
98766432 

,9876648 

9   8   7   6   6   4 

9   8   7   6   6 

9   8   7   6 

9   8   7 


9   8 
9 


10 
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Here  any  figure  in  the  first  place,  reckoning  from  right  to  left, 
denotes  only  its  own  simple  value;  but  that  in  the  second  place 
denotes  ten  times  its  simple  yalue ;  and  that  in  the  third  place 
a  hundred  times  its  simple  value ;  and  so  on ;  the  value  of  any 
figure,  in  each  successive  place,  being  always  ten  times  its  former 
value. 

Thus,  in  the  number  1796,  the  6  in  the  first  place  denotes  only 
six  imits,  or  simply  six ;  9  in  the  second  place  signifies  nine  tens, 
or  ninety ;  7  in  the  third  place,  seven  hundred ;  and  the  1  in  the 
fourth  place,  one  thousand ;  so  that  the  whole  number  is  read  thus — 
one  thousand  seven  hundred  and  ninety-six. 

As  to  the  cipher  0,  it  stands  for  nothing  of  itself,  but  being 
joined  on  the  right-hand  side  to  other  figures,  it  increases  their 
value  in  the  same  tenfold  proportion :  thus,  5  signifies  only  five ; 
but  50  denotes  5  tens,  or  fifty;  and  500  is  five  hundred;  and 
so  on. 

For  the  more  easily  reading  of  large  numbers,  they  are  divided 
into  periods  and  half-periods,  each  half-period  consisting  of  three 
figures ;  the  name  of  the  first  period  being  units ;  of  the  second, 
millions ;  of  the  third,  millions  of  millions,  or  bi-millions,  contracted 
to  billions ;  of  the  fourth,  millions  of  millions  of  millions,  or  tri- 
millions,  contracted  to  trillions;  and  so  on.  Also,  the  first  part 
of  any  period  is  so  many  units  of  it,  and  the  latter  part  so  many 
thousands. 

The  following  Table  contains  a  summary  of  the  whole  doc- 
trine: 


Periods. 


Half-per. 


Figures. 


Quadrill.;  Trillions;   Billions;   Millions;     Units. 


th.   un.       th.   un.      th.  un.     th.   un.     th.   un. 


123,456;    789,098;    765,432;  101,234;  567,890. 


Numeration  is  the  reading  of  any  number  in  words  that  is  pro- 
posed or  set  down  in  figures. 

Notation  is  the  setting  down  in  figures  any  number  proposed  in 
words. 


OF  the  ROMAN  NOTATION. 


The  Romans,  like  several  other  nations,  expressed  their  numbers 
by  certain  letters  of  the  alphabet.  The  Romans  onlv  used  seven 
numeral  letters,  being  the  seven  following  capitals :  viz.  I  for  one ; 
V  for  five;  X  for  ten;  L  tor  fifty  ;  C  for  a  hundred;  D  tor  five  Awn- 


« 


dred;  M  for  a  ih(ya»and.  The  other  numbers  they  expressed  by 
various  repetitions  and  combinations  of  these,  after  the  following 
manner: 
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1 

2 
3 

4: 
6^ 
6: 

7. 

10- 
60. 

100. 

.600. 

1000 « 

2000. 

5000. 

6000. 

10000. 

50000  . 

60000  . 

100000  = 

1000000  . 

2000000  . 


.  I. 
.II. 
=  111. 

.nil. 

.  V. 
.VI. 
=  VII. 
.  VIII 
.IX. 
.  X. 
.  L. 

C. 

Dor 

Mor 
MM. 

V_or 

VI. 

X  or 
'  L  or 

LX. 

C_or 
i  M  or 

mm: 


or  IV. 


As  often  as  any  character  is  repeated, 
so  many  times  is  its  value  repeated. 

A  less  character  before  a  greater 
diminishes  its  value. 

A  less  character  after  a  greater  in- 
creaaes  its  value. 


CIO. 
100- 

CCIOO. 
1000. 


For  every  0  annexed,  this  becomes 

ten  times  as  manj. 
For  every  C  and  0,  placed  one  at  each 

end,  it  becomes  ten  times  as  much. 
A  bar  over  any  number  increases  it 

1000  fold. 


CCCIOOO. 
CCOCIOOOO. 


EXPLANATION  OF  OXETAIN  CHA&AOTEBS. 

There  are  various  characters  or  marks  used  in  Arithmetic  and 
Algebra,  to  denote  several  of  the  operations  and  propositions ;  the 
chief  of  which  are  as  follow : 


:  :: : proportion. 

= equality. 

\/ square  root. 

^ cube  root,  &c. 


8. 


+  signifies  plus^  or  addition. 

— mimuy  or  subtraction. 

X  multiplication. 

-7- division. 

Thus, 

5  +  3,  denotes  that  8  is  to  be  added  to  5 

6  —  2,  denotes  that  2  is  to  be  taken  from  6  »  4. 
7x3,  denotes  that  7  is  to  be  multiplied  by  3  =  21. 
8  -s-  4,  denotes  that  8  is  to  be  divided  by  4  =  2. 

2  :  3 ::  4 :  6,  shows  that  2  is  to  3  as  4  is  to  6,  and  thus,  2x6«3x4. 
6  +  4  «  10,  shows  that  the  sum  of  6  and  4  is  equal  to  10. 

v'3,  or  3*,  denotes  the  square  root  of  the  number  3  =»  1'7320508. 

•^5,  or  5*,  denotes  the  cube  root  of  the  number  5  «  1'709976, 
7*,  denotes  that  the  number  7  is  to  be  squared  «  49. 
8^,  denotes  that  the  number  4  is  to  be  cubed  >=  512. 
&c. 
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BULE  07  THBEE. 

Thb  Rule  of  Thbeb  teaches  how  to  find  a  fourth  proportional 
to  three  numbers  given.  Whence  it  is  also  sometimes  called  the 
Rule  of  Proportion.  It  is  called  the  Rule  of  Three,  because  three 
terms  or  numbers  are  given  to  find  the  fourth ;  and  because  of  its 
great  and  extensive  usefulness,  it  is  often  called  the  Golden  Rule. 

This  Rule  is  usually  considered  as  of  two  kinds^  namely,  Direct 
and  Inverse. 

The  Rule  of  Three  Direct  is  that  in  which  more  requires  more,  or 
less  requires  less.  As  in  this :  if  3  men  dig  21  yards  of  trench  in 
a  certain  time,  how  mueh  will  6  men  dig  in  the  same  time  ?  Here 
more  requires  more,  that  is,  6  men,  which  are  more  than  3  men, 
will  also  perform  more  work  in  the  same  time.  Or  when  it  is  thus : 
if  6  men  dig  42  yards,  how  much  will  8  men  dig  in  the  same  time  ? 
Here,  then,  less  requires  less,  or  8  men  will  perform  proportionally 
less  work  than  6  men  in  the  same  time.  In  both  these  cases,  then, 
the  Rule,  or  the  Proportion,  is  Direct;  and  the  stating  must  be 
thus,  As  8  :  21  : :  6  :  42, 
or  thus.  As  6  :  42  : :  8  :  21. 

But,  the  Rule  of  Three  Inverse  is  when  more  requires  less,  or 
lees  requires  more.  As  in  this :  if  3  men  dig  a  certain  quantity 
of  trench  in  14  hours,  in  how  many  hours  will  6  men  dig  the  like 
quantity?  Here  it  is  evident  that  o  men,  being  more  than  3,  will 
perform  an  equal  quantity  of  work  in  less  time,  or  fewer  hours. 
Or  thus :  if  6  men  perform  a  certain  quantity  of  work  in  7  hours, 
in  how  many  hours  will  8  men  perK)rm  the  samet  Here  less 
requires  more,  for  8  men  will  take  more  hours  than  6  to  perform 
the  same  work.  In  both  these  cases,  then,  the  Rule,  or  the  Pro- 
portion, is  Inverse ;  and  the  stating  must  be 

thus,  As  6  :  14  : :  3  :    7, 
or  thus.  As  3  :    7  : :  6  :  14. 

And  in  all  these  statings  the  fourth  term  is  found,  by  multiply- 
ing the  2d  and  8d  terms  together,  and  dividing  the  product  by  the 
Ist  term. 

Of  the  three  given  numbers,  two  of  them  contdn  the  supposi- 
tion,  and  the  third  a  demand.  And  for  stating  and  working  ques- 
tions of  these  kinds  observe  the  following  general  Rule : 

RuLB. — State  the  question  by  setting  down  in  a  straight  line  the\ 
three  given  numbers,  in  the  following  manner,  viz.  so  that  the  2d 
term  be  that  number  of  supposition  which  is  of  the  same  kind  that  . 
the  answer  or  4th  term  is  to  be ;  making  the  other  number  of  sup- 
position the  Ist  term,  and  the  demanding  number  the  8d  term, 
when  the  question  is  in  direct  proportion ;  but  contrariwise,  the 
other  number  of  supposition  the  third  term,  and  the  demanding 
nnmber  the  Ist  term,  when  the  question  has  inverse  proportion. 

Then,  in  both  cases,  multiply  the  2d  and  3d  terms  together,  and 
divide  the  product  by  the  first,  which  will  give  the  answer,  or  4th 
term  sought,  of  the  same  denomination  as  the  second  term. 
B 
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NoUj  If  the  first  and  third  terms  consist  of  different  denomina- 
tions, reduce  them  both  to  the  same ;  and  if  the  second  term  be  a 
compound  number,  it  is  mostly  convenient  to  reduce  it  to  the  lowest 
denomination  mentioned.  If,  after  division,  there  be  any  remainder, 
reduce  it  to  the  next  lower  denomination,  and  divide  by  the  same 
divisor  as  before,  and  the  quotient  will  be  of  this  last  denomina- 
tion. Proceed  in  the  same  manner  with  all  the  remainders,  till 
thej  be  reduced  to  the  lowest  denomination  which  the  second  term 
admits  of,  and  the  several  quotients  taken  together  will  be  the 
answer  required. 

Note  also,  The  reason  for  the  foregoing  Rules  will  appear  when 
we  come  to  treat  of  the  nature  of  Proportions.  Sometimes  also 
two  or  more  statings  are  necessary,  which  may  always  be  known 
from  the  nature  of  the  question. 

An  engineer  having  raised  100  yards  of  a  certain  work  in 
24  days  with  5  men,  how  many  men  must  he  employ  to  finish  a 
like  quantity  of  work  in  15  days? 

da.  men.     da.  men* 
As  15  :  5  : :  24  :  8  Ans. 
_5 

15)  120  (8  Answer. 
120 

coKrouin)  psoposTiov. 

GoMPOTTKD  Proportion  teaches  how  to  resolve  such  questions  as 
require  two  or  more  statings  by  Simple  Proportion;  and  that, 
whether  they  be  Direct  or  Inverse. 

In  these  questions,  there  is  always  giyen  an  odd  number  of  terms, 
either  five,  or  seven,  or  nine,  &ic.  These  are  distinguished  into 
terms  of  supposition  and  terms  of  demand,  there  being  always  one 
term  more  of  the  former  than  of  the  latter,  which  is  of  the  same 
kind  with  the  answer  sought. 

Rule. — Set  down  in  the  middle  place  that  term  of  supposition 
which  is  of  the  same  kind  with  the  answer  sought.  Take  one  of 
the  other  terms  of  supposition,  and  one  of  the  demanding  terms 
which  is  of  the  same  kind  with  it;  then  place  one  of  them  for  a 
firat  term,  and  the  other  for  a  third,  according  to  the  directions 
given  in  the  Rule  of  Three.  Do  the  same  with  another  term  of 
supposition,  and  its  corresponding  demanding  term ;  and  so  on  if 
there  be  more  terms  of  each  kind ;  setting  the  numbers  under  each 
other  which  fall  all  on  the  left-hand  side  of  the  middle  term,  and 
the  same  for  the  others  on  the  right-hand  side.    Then  to  work. 

By  eevertd  Operatton$. — Take  the  two  upper  terms  and  the  mid- 
dle term,  in  the  same  order  as  they  stand,  for  the  first  Rule  of 
Three  question  to  be  worked,  whence  will  be  found  a  fourth  term. 
Then  take  this  fourth  number,  so  found,  for  the  middle  term  of  a 
second  Rule  of  Three  question,  and  the  next  two  under  terms  in  the 
general  stating,  in  the  same  order  as  they  stand,  finding  a  fourth 
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term  from  them ;  and  so  on,  as  far  as  there  are  any  numbers  in  the 
general  stating,  making  always  the  fourth  number  resulting  from 
each  simple  stating  to  be  the  second  term  of  the  next  following  one. 
So  shall  the  last  resulting  number  be  the  answer  to  the  question. 

By  <me  Operation.— Multvpij  together  all  the  terms  standing 
under  each  other,  on  the  left-hand  side  of  the  middle  term ;  and,  in 
like  manner,  multiply  together  all  those  on  the  right-hand  side  of 
it.  Then  multiply  the  middle  term  by  the  latter  product,  and 
divide  the  result  by  the  former  product,  so  shall  the  quotient  be 
the  answer  sought. 

How  many  men  can  complete  a  trench  of  135  yards  long  in 
8  days,  when  16  men  can  dig  54  yards  in  6  days  ? 

yds.   54 

days    8 

482 


As  54 


Q-eneral 
:  16  men  : :  135  y 
6d) 
810 
16 

stating. 

ds. 

lys 

4860 
810 

432)  12960  (30  Ann.  by  one  operation. 
1296 

0 

The  Mtne  by  t 
Ist. 
16::  185:  40 
16 
810 
135 

wo  operation$. 

2d. 
Ab  8  :  40  : :  6  :  80 
6 

8)  240  (30  Ana. 
24 

64)2160(40 
216 

0 

0 

OF  COKMOH  FKACTIOHS. 

A  Fraction,  or  broken  number,  is  an  expression  of  a  part,  or 
some  parts,  of  something  considered  as  a  whole. 

It  is  denoted  by  two  numbers,  placed  one  below  the  other,  with 
a  line  between  them : 

,       3  numerator     ) 
^'^'Tdenominator  |  ^"^^  '^  ^*^^*  three-fourths. 

The  Denominator,  or  number  placed  below  the  line,  shows  how 
many  equal  parts  the  whole  quantity  is  divided  into ;  and  repre- 
sents the  Divisor  in  Division.  And  the  Numerator,  or  number  set 
above  the  line,  shows  how  many  of  those  parts  are  expressed  by  the 
Fraction;  being  the  remainder  after  division.  Also,  both  these 
numbers  are,  in  general,  named  the  Terms  of  the  Fractions. 
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Fractions  are  either  Proper,  Improper,  Simple,  Compound,  or 
Mixed. 

A  Proper  Fraction  is  when  the  numerator  is  less  than  the  deno- 
minator ;  as  J,  or  |,  or  f ,  &c. 

An  Improper  Fraction  is  when  the  numerator  is  equal  to,  or 
exceeds,  the  denominator ;  as  |,  or  f ,  or  J,  &o. 

A  Simple  Fraction  is  a  single  expression  denoting  any  number 
of  parts  of  the  integer ;  as  f ,  or  |. 

A  Compound  Fraction  is  the  fraction  of  a  fraction,'  or  several 
fractions  connected  with  the  word  of  between  them ;  as  J  of  J,  or 
I  of  f  of  8,  &c. 

A  Mixed  Number  is  composed  of  a  whole  number  and  a  fraction 
together ;  as  8^,  or  12|,  &c. 

A  whole  or  integer  number  may  be  expressed  like  a  fraction,  by 
writing  1  below  it,  as  a  denominator ;  so  8  is  f ,  or  4  is  $,  &c. 

A  fraction  denotes  division ;  and  its  value  is  equal  to  the  quo- 
tient obtained  by  dividing  the  numerator  by  the  denominator; 
80  V  is  equal  to  8,  and  Y  ^^  equal  to  4. 

Hence,  then,  if  the  numerator  be  less  than  the  denominator,  the 
value  of  the  fraction  is  less  than  1.  If  the  numerator  be  the  same 
as  the  denominator,  the  fraction  is  just  equal  to  1.  And  if  the 
numerator  be  greater  than  the  denominator,  the  fraction  is  greater 
than  1. 

REDUCTION  OP  FRACTIONS. 

Reduction  op  Fractions  is  the  bringing  them  out  of  one  form  or 
denomination  into  another,  commonly  to  prepare  them  for  the  opera- 
tions of  Addition,  Subtraction,  &c.,  of  which  there  are  several  cases. 

To  find  the  greatest  common  measure  of  two  or  more  numbers. 

The  Common  Measure  of  two  or  more  numbers  is  that  number 
which  will  divide  them  both  without  a  remainder :  so  8  is  a  com- 
mon measure  of  18  and  24 ;  the  quotient  of  the  former  beins  6, 
and  of  the  latter  8.  And  the  greatest  number  that  will  do  this, 
is  the  greatest  common  measure :  so  6  is  the  greatest  common  mea- 
sure of  18  and  24 ;  the  quotient  of  the  former  being  8,  and  of  the 
latter  4,  which  will  not  both  divide  farther. 

Rule. — If  there  be  two  numbers  only,  divide  the  greater  by 
the  less ;  then  divide  the  divisor  by  the  remainder ;  and  so  on,  divid- 
ing always  the  last  divisor  by  the  last  remainder,  till  nothing 
remains ;  then  shall  the  last  divisor  of  all  be  the  greatest  common 
measure  sought. 

When  there  are  more  than  two  numbers,  find  the  greatest  com- 
mon measure  of  two  of  them,  as  before ;  then  do  the  same  for  that 
common  measure  and  another  of  the  numbers ;  and  so  on,  through 
all  the  numbers ;  then  will  the  greatest  common  measure  last  found 
be  the  answer. 

If  it  happen  that  the  common  measure  thus  found  is  1,  then  the 
numbers  are  said  to  be  incommensurable,  or  to  have  no  common 
measure. 


BBDUCTION  OJ  PRAOTIONS.  17 

To  find  the  greatest  common  measnre  of  1998,  918,  and  522. 
918  )  1998  (2  So  54  is  the  greatest  common  measure 

1836  of  1998  and  918. 

162)918(5        Hence  54)522(9 
810  486 

108)162(1  86)54(1 

108  36 

54)108(2  18)86(2 

108  36 

So  that  18  is  the  answer  required. 

To  abbreviate  or  reduce  Jractians  to  their  lowest  terms. 

Rule. — Divide  the  terms  of  the  given  fraction  by  any  number 
that  will  divide  them  without  a  remainder ;  then  divide  these  quo- 
tients again  in  the  same  manner ;  and  so  on,  till  it  appears  that 
there  is  no  number  greater  than  1  which  will  divide  them ;  then  the 
fraction  will  be  in  its  lowest  terms. 

Or,  divide  both  the  terms  of  the  fraction  by  their  greatest  com- 
mon measure,  and  the  quotients  will  be  the  terms  of  the  fraction 
required,  of  the  same  value  as  at  first. 

That  dividing  both  the  terms  of  the  fraction  by  the  same  num- 
ber, whatever  it  be,  will  give  another  fraction  equal  to  the  former, 
is  evident.  And  when  those  divisions  are  performed  as  often  as 
can  be  done,  or  when  the  common  divisor  is  the  greatest  possible, 
the  terms  of  the  resulting  fraction  must  be  the  least  possible. 

1.  Any  number  ending  with  an  even  number,  or  a  cipher,  is  divi- 
sible, or  can  be  divided  by  2. 

2.  Any  number  ending  with  5,  or  0,  is  divisible  by  5. 

8.  If  the  right-hand  place  of  any  number  be  0,  the  whole  is 
divisible  by  10 ;  if  there  be  2  ciphers,  it  is  divisible  by  100 ;  if 
3  ciphers,  by  1000 ;  and  so  on,  which  is  only,  cutting  off  those 
ciphers. 

4.  If  the  two  right-hand  figures  of  any  number  be  divisible 
by  4,  the  whole  is  divisible  by  4.  And  if  the  three  right-hand 
figures  be  divisible  by  8,  the  whole  is  divisible  by  8 ;  and  so  on. 

5.  If  the  sum  of'  the  digits  in  any  number  be  divisible  by  3^  or 
by  9,  the  whole  is  divisible  by  8,  or  by  9. 

6.  If  the  right-hand  digit  be  even,  and  the  sum  of  all  the  digits 
be  diyisible  by  6,  then  the  whole  will  be  divisible  by  6. 

7.  A  number  is  divisible  by  11  when  the  sum  of  the  Ist,  3d, 
5th,  &c.,  or  of  all  the  odd  places,  is  equal  to  the  sum  of  the  2d, 
4th,  6th,  &c.,  or  of  all  the  even  places  of  digits. 

8.  If  a  number  cannot  be  divided  by  some  quantity  less  than 
the  square  of  the  same,  that  number  is  a  prime,  or  cannot  be 
divided  by  any  number  whatever. 

•  9.  All  prime  numbers,  except  2  and  5,  have  either  1,  3,  7,  or  9, 
in  the  place  of  units ;  and  all  other  numbers  are  composite,  or  can 
be  divided. 

b2  2 
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10.  When  ntunberB,  with  a  sign  of  addition  or  subtraction  between 
them,  are  to  be  divided  bj  any  number,  then  each  of  those  num- 
bers must  be  divided  by  it.    Thus, « ™5  +  4  —  2  =«  7. 

11.  But  if  the  numbers  have'the  sign  of  multiplication  between 
them,  only  one  of  them  must  be  divided.  Thus, — gTTo — = 
10  X  4  X  8     10  X  4  X  1     10  X  2  X  1      20 

6x1      ""      2x1      ""      1x1      -1-20. 
Beduce  i^  to  its  least  terms. 

«*  «.tft  =  fJ-  «  =  ft  -  fc  the  answer. 
Or  thus : 

144  )  240  ( 1  Therefore  48  is  the  greatest  common  measure,  and 
144  48 )  ilt  ss  I  the  answer,  the  same  as  before. 

96)144(1 

48)96(2 
96 

To  reduce  a  mixed  number  to  its  equivalent  improper  fraction. 
BuLS. — Multiply  the  whole  number  by  the  denominator  of  the 
fraction,  and  add  the  numerator  to  the  product ;  then  set  that  sum 
above  the  denominator  for  the  fraction  required. 
Beduce  232  to  a  fraction. 

Or, 
23        (23  X  5)  +  2      117 
5  6  "   5  • 

116 
2 

117 
5 

To  reduce  an  improper  fraetion  to  it»  equivaleKt  whole  or  mixed 

number. 
RuLB. — Diride  tbe  numerator  bj  the  denominator,  and  the  quo- 
tient trill  be  the  whole  or  mixed  number  sought. 
Reduce  V  to  its  eqiuralent  number. 

Here  V  or  12  •*-  8  =  4. 
Reduce  y  to  its  equivalent  number. 

Here  V  or  15  -*-  7  -  2\. 
Reduce  V^  to  its  equivalent  number. 
Thus,  17)  749  (44^ 

69  So  that  W"  44^ 

68 

1 
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To  reduce  a  whole  number  to  an  equivalent  fraction^  having  a 

given  denominator. 
Rule. — ^Multiply  the  whole  number  by  the  given  denominator, 
then  Bet  the  product  over  the  said  denominator,  and  it  will  form 
the  fraction  required. 

Reduce  9  to  a  fraction  whose  denominator  shall  be  7. 

Here  9  X  7  —  63,  then  V  is  the  answer. 
For  V  ==  68  -J-  7  =  9,  the  proof. 

To  reduce  a  compound  fraction  to  an  equivalent  rnnpU  one. 

RuLB. — Multiply  all  the  numerators  together  for  a  numerator, 
and  all  the  denominators  together  for  the  denominator,  and  they 
will  form  the  simple  fraction  sought. 

When  part  of  the  compound  fraction  is  a  whole  or  mixed  number, 
it  must  first  be  reduced  to  a  fraction  by  one  of  the  former  cases. 

And,  when  it  can  be  done,  any  two  terms  of  the  fraction  may  be 
divided  by  the  same  number,  and  the  quotients  used  instead  of 
them.  Or,  when  there  are  terms  that  are  common,  they  may  be 
omitted. 

Reduce  |  of  f  of  f  to  a  simple  fraction. 

1x2x8      ^      1 

^^^^  2x8x4*  24"°  4* 
^1x2x3      1^ 
Or,  2x8x4  ™  4'    ^  omittmg  the  twos  and  threes. 

Reduce  }  of  {  of  ^  to  a  simple  fraction. 

2  X  8  X  10      ^      12      £ 
•^®^®  3  X  6  X  11  "  165  "  83  ""  11' 
^2x8x10       4, 
Or,  3  X  5  X  11  "*  11'        ^*°*®  ^  before. 

To  reduce  fractions  of  different  denominators  to  equivalent  frac- 
tionSf  having  a  common  denominator. 

Rule. — ^Multiply  each  numerator  into  all  the  denominators  ex- 
cept its  own  for  the  new  numerators ;  and  multiply  all  the  denomi- 
nators together  for  a  common  denominator. 

It  is  evident,  that  in  this  and  several  other  operations,  when  any 
of  the  proposed  quantities  are  integers,  or  mixed  numbers,  or  com- 
pound fractions,  they  must  be  reduced,  by  their  proper  rules,  to 
the  form  of  simple  fractions. 

Reduce  ^,  |,  and  {  to  a  common  denominator. 

1  X  8  X  4  »  12  the  new  numerator  for  J. 

2  X  2  X  4  «  16 for  |. 

8  X  2  X  8  -  18 for  f. 

2  X  8  X  4  «  24  the  common  denominator. 

Therefore,  the  equivalent  fractions  are  ^,  ^,  and  ^. 

Or,  the  whole  operation  of  multiplying  may  be  very  well  per- 
formed mentally,  and  only  set  down  the  results  and  given  fractions 
thus:  J,  },  1  =  Ji,  Ji,  Jl  -  A>  A>  A>  by  abbreviation. 
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When  the  denominators  of  two  given  fractions  hare  a  common 
measure,  let  them  be  divided  by  it ;  then  multiply  the  terms  of 
each  given  fraction  by  the  quotient  arising  from  the  other's  deno- 
minator. 

When  the  less  denominator  of  two  fractions  exactly  divides  the 
greater,  multiply  the  terms  of  that  which  hath  the  less  denominator 
by  the  quotient. 

When  more  than  two  fractions  are  proposed,  it  is  sometimes  con- 
venient first  to  reduce  two  of  them  to  a  common  denominator, 
then  these  and  a  third ;  and  so  on,  till  they  be  all  reduced  to  their 
least  common  denominator. 

To  find  the  value  of  a  fraction  in  parts  of  the  integer. 

Rule. — Multiply  the  integer  by  the  numerator,  and  divide  the 
product  by  the  denominator,  by  Compound  Multiplication  and 
Division,  if  the  integer  be  a  compound  quantity. 

Or,  if  it  be  a  single  integer,  multiply  the  numerator  by  the  parts 
in  the  next  inferior  denomination,  and  divide  the  product  by  the 
denominator.  Then,  if  any  thing  remains,  multiply  it  by  the  parts 
in  the  next  inferior  denomination,  and  divide  bv  the  denominator 
as  before ;  and  so  on,  as  far  as  necessary ;  so  shall  the  quotients, 
placed  in  order,  be  the  value  of  the  fraction  required. 

What  is  the  value  of  f  of  a  pound  troy  ?  7  oz.  4  dwts. 

What  is  the  value  of  ^  of  a  cwt.?  1  qr.  7  lb. 

What  is  the  value  of  f  of  an  acre?  2  ro.  20  po. 

What  is  the  value  of  A  of  a  day?  7  hrs.  12  min. 

To  reduce  a  fraction  from  one  denomination  to  another. 
Rule. — Consider  how  many  of  the  less  denomination  make 
one  of  the  greater;  then  multiply  the  numerator  by  that  num- 
ber, if  the  reduction  be  to  a  less  name,  or  the  denominator,  if  to 
a  greater. 

Reduce  f  of  a  cwt.  to  the  fraction  of  a  pound. 

f  X  t  X  V  =  V. 
ADDITION  OF  FRACTIONS. 
To  add  fractions  together  that  have  a  common  denominator. 
Rule. — Add  all  the  numerators  together,  and  place  the  sum 
over  the  common  denominator,  and  that  wiU  be  the  sum  of  the 
fractions  required. 

If  the  fractions  proposed  have  not  a  common  denominator,  they 
must  be  reduced  to  one.  Also,  compound  fractions  must  be  reduced 
to  simple  ones,  and  mixed  numbers  to  improper  fractions;  also, 
fractions  of  different  denominations  to  those  of  the  same  denomi- 
nation. 

To  add  f  and  I  together.  Here  f  +  J  =  {  =  If. 

To  add  f  and  (  together.  j  +  j  =  jj  +  }j«jj=:  Ijj. 

To  add  I  and  7^  and  i  of  }  together. 

l+7i-l-iof^==f-^v+i=«  +  v+^='V=8f. 
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8UBTEACTI0N  OF  FRACTIONS. 
RuLB. — ^Prepare  the  fractions  the  same  as  for  Addition ;  then  sub- 
tract the  one  numerator  from  the  other,  and  set  the  remainder  over 
the  common  denominator,  for  the  difference  of  the  fractions  sought. 

To  find  the  difference  between  |  and  i. 

Here«-i-|«f 
To  find  the  difference  between  |  and  f 

I  -  *  =  li  -  !»  -  A. 

MULTIPLICATION  OF  FRACTIONS. 

Multiplication  of  any  thing  by  a  fraction  implies  the  taking 
some  part  or  parts  of  the  thing ;  it  may  therefore  be  truly  expressed 
by  a  compound  fraction ;  which  is  resolved  by  multiplying  together 
the  numerators  and  the  denominators. 

Rule. — Reduce  mixed  numbers,  if  there  be  any,  to  equivalent 
fractions ;  then  multiply  all  the  numerators  together  for  a  nume- 
rator, and  all  the  denominators  together  for  a  denominator,  which 
will  give  the  product  required. 

Required  the  product  of  |  and  f 

Here  }  x  }  =  A  "«  i 

Or,  }  X  }  =  i  X  J  =  i. 

Required  the  continued  product  of  ],  8{,  5,  and  }  of  {. 

2      13      6      8      3       13  X  3       39  _ 
Here  l^4^^i^i>^5^^x2'^8    "  ^' 

DIVISION  OP  FRACTIONS. 
RuLB. — ^Prepare  the  fractions  as  before  in  Multiplication ;  then 
divide  the  numerator  by  the  numerator,  and  the  denominator  by 
the  denominator,  if  they  will  exactly  divide ;  but  if  not,  then  invert 
the  terms  of  the  divisor,  and  multiply  the  dividend  by  it,  as  in 
Multiplication. 

Divide  V  by  |. 

Here  y  -^  |  =  |  =  1  j,  by  the  first  method. 
Divide  {  by  ^, 

Here  j-^A  =  |xV=»|xJ  =  V«=4j,  by  the  latter. 

RULE  OF  THREE  IN  FRACTIONS. 

Rule. — ^Make  the  necessary  preparations  as  before  directed; 
then  multiply  continually  together  the  second  and  third  terms,  and 
the  first  with  its  terms  inverted  as  in  Division,  for  the  answer. 
This  is  only  multiplying  the  second  and  third  terms  together,  and 
dividing  the  product  by  the  first,  as  in  the  Rule  of  Three  in  whole 
numbers. 

If  I  of  a  yard  of  velvet  cost  |  of  a  dollar,  what  will  A  ^^  * 

yard  cost  ? 

TT       32582       6  ,^„ 

Here  8-5-«Tg-QX5Xjg  =  Jofa  dollar. 
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DECIMAL  FRACTIONS. 

A  Decimal  Fraction  is  that  vhich  has  for  its  denominator  a 
unit  (1)  with  as  many  ciphers  annexed  as  the  nnmerator  has  places ; 
and  it  is  usually  expressed  by  setting  down  the  numerator  only, 
with  a  point  before  it  on  the  left  hand.  Thus,  ^  is  *5,  and  ^  is 
•25,  and  ^  is  '076,  and  ji^  is  '00124 ;  where  ciphers  are  pre- 
fixed to  make  up  as  many  places  as  are  in  the  numerator,  when 
there  is  a  deficiency  of  figures. 

A  mixed  number  is  made  up  of  a  whole  number  with  some  deci- 
mal fraction,  the  one  being  separated  from  the  other  by  a  point. 
Thus,  3-25  is  the  same  as  3^,  or  fjfj[. 

Ciphers  on  the  right  hand  of  decimals  make  no  alteration  in 
their  value;  for  '5,  or  "50,  or  -500,  are  decimals  having  all  the 
same  value,  being  each  ==  A  or  }•  But  if  they  are  placed  on  the 
left  hand,  they  decrease  the  value  in  a  tenfold  proportion.  Thus, 
•5  is  ^  or  5  tenths,  but  *05  is  only  iJi^  or  5  hundreths,  and  '005 
is  but  j^  or  5  thousandths. 

The  first  place  of  decimals,  counted  from  the  left  hand  towards 
the  right,  is  called  the  place  of  primes,  or  lOths ;  the  second  is  the 
place  of  seconds,  or  lOOths;  the  third  is  the  place  of  thirds,  or 
lOOOths ;  and  so  on.  For,  in  decimals,  as  well  as  in  whole  num^ 
bers,  the  values  of  the  places  increase  towards  the  left  hand,  and 
decrease  towards  the  right,  both  in  the  same  tenfold  proportion ; 
as  in  the  following  Scale  or  Table  of  Notation: 

1 1  .  U 1 1  i 

I'd^i'Srfi  ^  ^  i  ^  ^  i 
a  S  s  ^  S  s  0  s  S  ^  s  S  B 
8883888        833838 

addition  op  decimals. 
RiTLE. — Set  the  numbers  under  each  other  according  to  the  value 
of  their  places,  like  as  in  whole  numbers ;  in  which  state  the  deci- 
mal separating  points  will  stand  all  exactly  under  each  other. 
Then,  beginning  at  the  right  hand,  add  up  all  the  columns  of 
number  as  in  integers,  and  point  off  as  many  places  for  decimals  as 
are  in  the  greatest  number  of  decimal  places  in  any  of  the  lines  that 
are  added ;  or,  place  the  point  directly  below  all  the  other  points. 
To  add  together  29'0146,  and  3146-5,  29'0146 

and  2109,  and  62417,  and  14-16.  8146-5 

2109- 

•62417 
14-16 

5299-29877,  the  sum. 
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The  Bum  of  876-25  +  86125  +  687-4725  +  6-6  +  41-02  + 
868-865  -  1506.2325. 

The  smn  of  8-5  +  47-25  +  2,0073  +  927-01  +  1-5  «  981.2673. 

The  sum  of  276  +  54-821  +  112  +  0.65  +  12-5  +  -0468  « 
455-5178. 

SUBTRACTION  OP  DECIMALS. 

Rule. — ^Plaoe  the  numbers  under  each  other  according  to  the 
value  of  theiv  places,  as  in  the  last  rule.  Then,  beginning  at  the 
right  hand^  subtract  as  in  whole  numbers,  and  point  off  the  deci- 
mals as  in  Addition. 


To  find  the  difference  between 
91.78  and  2.188. 


91-73 
2188 


89-592  the  difference. 

The  difference  between  1-9185  and  2-73  «  0-8115. 

The  difference  between  214-81  and  4-90142  =  209-90858. 

The  difference  between  2714  and  -916  »  2713-084. 

MitLTIPLICATION  OP  DECIMALS. 


Rule. — Place  the  factors,  and 
multiply  them  together  the  same 
as  if  thej  were  whole  numbers. 
Then  point  off  in  the  product  just 
as  many  places  of  decimals  as 
there  are  decimals  in  both  the  fac- 
tors. But  if  there  be  not  so  many 
figures  in  the  product,  then  supply 
the  defect  by  prefixing  ciphers. 


Multiply  -321096 
by      -2465 
1605480 
1926576 
1284384 
642192 


•0791501640  the  product. 


Multiply  79-347  by  28-15,  and  we  have  1886-88305. 
Multiply  -63478  by  -8204,  and  we  have  -520773512. 
Multiply  -885746  by  -00464,  and  we  have  -00178986144. 


OONT&AOnON  I. 


To  multiply  decimals  hy  1  with  any  number  4>f  ciphers^  as  10,  or 

100,  or  1000,  ^c. 
This  is  done  by  only  removing  the  decimal  point  so  many  places 
farther  to  the  right  hand  as  there  are  ciphers  in  the  multiplier ; 
and  subjoining  ciphers  if  need  be. 

The  product  of    51-3  and    1000  is  51300. 
The  product  of  2-714  and      100  is  271-4. 
The  product  of     -916  and    1000  is  916. 
The  product  of  21-81  and  10000  is  218100. 


OONTRACnON  H. 


To  contract  the  operation^  so  as  to  retain  only  as  many  decimals  in 
the  product  as  may  be  thought  necessary ^  when  the  product  would 
naturally  contain  several  mare  places. 
Set  the  units'  place  of  the  multiplier  under  that  figure  of  the 

multiplicand  whose  place  is  the  same  as  is  to  be  retained  for  the 
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last  in  the  product ;  and  dispose  of  the  rest  of  the  figures  in  the 
inverted  or  contrary  order  to  what  they  are  usually  placed  in. 
Then,  in  multiplying,  reject  all  the  figures  that  are  more  to  the 
right  than  each  multiplying  figure ;  and  set  down  the  products,  so 
that  their  right  hand  figures  may  fall  in  a  column  straight  below 
each  other ;  but  observing  to  increase  the  first  figure  of  every  line 
with  what  would  arise  from  the  figures  omitted,  in  this  manner, 
namely,  1  from  5  to  14,  2  from  15  to  24,  3  from  25  to  34,  &c.; 
and  the  sum  of  all  the  lines  will  be  the  product  as  required,  com- 
monly to  the  nearest  unit  in  the  last  figure. 

To  multiply  27-14986  by  92-41035,  so  as  to  retain  only  four 
places  of  decimals  in  the  product. 

Contracted  way.  Common  way. 

27-14986  27-14986 

53014-29  92-41035 

24434874  13,574930 

542997  8144958 

108599  2714986 


2715  108599 

81  642997 

14  24434874 


44 
2 


2508-9280  2608-9280  660610 

DIVISION  OF  DECIMALS. 

♦ 

Rule. — Divide  as  in  whole  numbers ;  and  point  off  in  the  quo- 
tient as  many  places  for  decimals,  as  the  decimal  places  in  the 
dividend  exceed  those  in  the  divisor. 

When  the  places  of  the  quotient  are  not  so  many  as  the  rule  re- 
quires, let  the  defect  be  supplied  by  prefixing  ciphers. 

When  there  happens  to  be  a  remainder  after  the  division ;  or 
when  the  decimal  places  in  the  divisor  are  more  than  those  in  the 
dividend ;  then  ciphers  may  be  annexed  to  the  dividend,  and  the 
quotient  carried  on  as  far  as  required. 

179) -48624097  (-00271648    I    -2685)  27-00000  (100'55865 

1282  15000 

294  15750 

1150  23250 

769  17700 

537  15900 

000  24750 

Divide  234-70525  by  64-25.  3-653. 

Divide  14  by  -7854.  17-825. 

Divide  2175-68  by  100.  21-7668. 

Divide  -8727587  by  -162.  5-38739. 

CONTRACTION  I. 

When  the  divisor  is  an  integer,  with  any  number  of  ciphers  an- 
nexed ;  cut  off  those  ciphers,  and  remove  the  decimal  point  in  the 
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dividend  as  many  places  farther  to  the  left  as  there  are  ciphers  cut 
off,  prefixing  ciphers  if  need  be ;  then  proceed  as  before. 
Divide  46-5  by  2100. 

,  21-00  ) -465  ( -0216,  &c. 

85 
140 
14 

CONTRACTION  U. 

Hence,  if  the  divisor  be  1  with  ciphers,  as  10,  or  100,  or  1000, 
&c. ;  then  the  quotient  will  be  found  by  merely  moving  the  decimal 
point  in  the  dividend  so  many  places  farther  to  the  left  as  the  di- 
visor has  ciphers ;  prefixing  ciphers  if  need  be. 

So,  217-3    H-  100  =  2-173,        and  419  -^      10  -  41-9. 

And    6-16  -^  100  =  -0516,        and  -21  -i- 1000  «  -00021. 

CONTRACTION  HI. 

When  there  are  many  figures  in  the  divisor ;  or  only  a  certain 
number  of  decimals  are  necessary  to  be  retained  in  the  quotient, 
then  take  only  as  many  figures  of  the  divisor  as  will  be  equal  to 
the  number  of  figures,  both  integers  and  decimals,  to  be  in  the  quo- 
tient, and  find  how  many  times  they  may  be  contained  in  the  first 
figures  of  the  dividend,  as  usual. 

Let  each  remainder  be  a  new  dividend ;  and  for  every  such  divi- 
dend, leave  out  one  figure  more  on  the  right  hand  side  of  the  di- 
visor ;  remembering  to  carry  for  the  increase  of  the  figures  cut  off, 
aa  in  the  2d  contraction  in  Multiplication. 

When  there  are  not  so  many  figures  in  the  divisor  as  are  required 
to  be  in  the  quotient,  begin  the  operation  with  all  the  figures,  and 
continue  it  as  usual*  tUl  the  number  of  figures  in  the  divisor  be  equal 
to  those  remaining  to  be  found  in  the  quotient,  after  which  begin 
the  contraction. 

Divide  2508-92806  by  92-41085,  so  as  to  have  only  four  deci- 
mals  in  the  quotient,  in  which  case  the  quotient  will  contain  six 
figures. 

Contracted.  Common  way. 


92-4103,5)  2508-928,06  (27-1498 

660721 

18849 

4608 

912 

80 

6 


92-4103,5)  2508-928,06  (27-1498 
66072106 
18848610 
46075750 
91116100 
79467850 
5539570 


REDUCTION  OF  DECIMALS. 
To  reduce  a  common  fraction  to  its  equivalent  decimah 
Rule. — ^Divide  the  numerator  by  the  denominator  as  in  Division 
of  Decimals,  annexing  ciphers  to  the  numerator  as  far  as  necessary; 
so  shall  the  quotient  be  the  decimal  required. 
C 
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Bedaoe  j^  to  a  decimal. 

24  »  4  X  6. 


f  reduced  to  a  decimal, 
^  reduced  to  a  decimal, 
^  reduced  to  a  decimal, 
^  reduced  to  a  decimal, 


Then  4)  7- 

6)1-750000 
'291666,  &o. 

is  -375. 

is  04. 

is  -016625. 

is  -071677,  &c. 


CASE  n. 

To  find  the  value  of  a  decimal  in  terms  of  the  inferior  denominations. 
Rule. — Multiply  the  decimal  by  the  number  of  parts  in  the  next 
lower  denomination ;  and  cut  off  as  many  places  for  a  remainder, 
to  the  right  hand,  as  there  are  places  in  the  given  decimal. 

Multiply  that  remainder  by  the  parts  in  the  next  lower  denomi- 
nation again,  cutting  off  for  another  remainder  as  before. 

Proceed  in  the  same  manner  through  all  the  parts  of  the  integer; 
then  the  several  denominations,  separated  on  the  left  hand,  will 
make  up  the  value  required. 
What  is  the  value  of  -0125  lb.  troy : — 
What  is  the  value  of  -4694  lb,  troy  :— 
What  is  the  value  of  -626  cwt, : — 

•009943  miles:— 
•6875  yd.  :— 
•8376  ac.  :— 


What  is  the  value  of 
What  is  the  value  of 
What  is  the  value  of 
What  is  the  value  of 


2083  hhd.  of  wine:— 


3dwts. 

5  oz,  12  dwt.  15-744  gr. 

2qr.  14  1b. 

17  yd.  1  ft.  6-98848  in. 

2  qr.  3  nls. 

1  rd.  14  poles. 


13-1229  gal. 

CASE  m. 
To  reduce  integers  or  decimals  to  equivalent  decimals  of  higher 

denominations* 
Rule. — ^Divide  by  the  number  of  parts  in  the  next  higher  de- 
nomination ;  continuing  the  operation  to  as  many  higher  denomi- 
nations as  may  be  necessary,  the  same  as  in  Reduction  Ascending 
of  whole  numbers. 
Reduce  1  dwt.  to  the  decimal  of  a  pound  troy. 


20 
12 


1  dwt. 
0-06  oz. 
0-004166,  &c. 


lb. 


Reduce  7  dr.  to  the  decimal  of  a  pound  avoird.: —  '02734375  lb. 

Reduce  2'15  lb.  to  the  decimal  of  a  cwt. : —  -019196  cwt. 

Reduce  24  yards  to  the  decimal  of  a  mile: —  -013636,  &c.  miles. 

Reduce  -056  poles  to  the  decimal  of  an  acre : —  -00036  ac. 

Reduce  1*2  pints  of  wine  to  the  decimal  of  a  hhd. : —  -00238  hhd. 

Reduce  14  minutes  to  the  decimal  of  a  day : —  -009722,  &c.  da. 

Reduce  -21  pints  to  the  decimal  of  a  peck: —  -013125  pec. 

When  there  are  several  numbers^  to  be  reduced  all  to  the  decimal  of 

the  highest 

Set  the  given  numbers  directly  under  each  other,  for  dividends, 
proceeding  orderly  from  the  lowest  denomination  to  the  highest. 
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Opposite  to  each  dividend,  on  the  left  hand,  set  snch  a  nnmher 
for  a  divisor  as  will  bring  it  to  the  next  higher  name ;  drawing  a 
perpendicular  line  between  all  the  divisors  and  dividends. 

^egin  at  the  uppermost,  and  perform  all  the  divisions ;  only  ob- 
serving to  set  the  quotient  of  each  division,  as  decimal  parts,  on 
the  right  hand  of  the  dividend  next  below  it ;  so  shall  the  last  quo- 
tient be  the  decimal  required. 

Reduce  6  oz.  12  dwts.  16  gr.  to  lbs. :—  46944,  &c.  lb. 

RULE  OF  THREE  m  DECIMALS. 

Bulb. — ^Prepare  the  terms  by  reducing  the  vulgar  fractions  to 
decimals>  any  compound  numbers  either  to  decimals  of  the  higher 
denominations,  or  to  integers  of  the  lower,  also  the  first  and  third 
terms  to  the  same  name :  then  multiply  and  divide  as  in  whole 
numbers. 

Any  of  the  convenient  examples  in  the  Ruld  of  Three  or  Rule  of 
Five  in  Integers,  or  Common  Fractions,  may  be  taken  as  proper 
examples  to  the  same  rules  in  Decimals. — The  following  example, 
which  is  the  first  in  Common  Fractions,  is  wrought  here  to  show  the 
method. 

If  {  of  a  yard  of  velvet  cost  f  of  a  dollar,  what  will  ^  yd.  cost  ? 

yd.      9         yd.        $ 
I  =  .375       -375  :  -4  : :  -3125  :  -333,  &c. 

4 

J  «  -4  -875 )  -12500  ( •833388,  83*  cts. 

1250 
125 


•8125. 


DirODECIHALS. 


Duodecimals,  or  Cross  Multiplication,  is  a  rule  made  use  of 
by  workmen  and  artificers,  in  computing  the  contents  of  their  works. 

Dimensions  are  usually  taken  in  feet,  inches,  and  quarters ;  any 
parts  smaller  than  these  being  neglected  as  of  no  consequence. 
And  the  same  in  multiplying  them  together,  or  casting  up  the  con- 
tents. 

Rule. — Set  down  the  two  dimensions,  to  be  multiplied  together, 
one  under  the  other,  so  that  feet  stand  under  feet,  inches  under 
inches,  &c. 

Multiply  each  term  in  the  multiplicand,  beginning  at  the  lowest, 
by  the  feet  in  the  multiplier,  and  set  the  result  of  each  straight  un- 
der its  corresponding  term,  observing  to  carry  1  for  every  12,  from 
the  inches  to  the  feet. 

In  like  manner,  multiply  all  the  multiplicand  by  the  inches  and 
parts  of  the  multiplier,  and  set  the  result  of  each  term  one  place 
removed  to  the  right  hand  of  those  in  the  multiplicand ;  omitting, 
however,  what  is  below  parts  of  inches^  only  carrying  to  these  the 
proper  number  of  units  from  the  lowest  denomination. 
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Or,  instead  of  multiplying  by  the  inches,  take  such  parts  of  the 
multiplicand  as  these  are  of  a  foot. 

Then  add  the  two  lines  together,  after  the  manner  of  Compound  Ad- 
dition, carrying  1  to  the  feet  for  12  inches,  when  these  come  to  so  many. 
Multiply  4  f.  7  inc.  Multiply  14  f.  9  inc. 

by  6     4  by    4      6 


27 
1 


6 
6J 


69 

7 


0 


29     Oj 


66     4i 


INYOLIITIOir. 

Involution  is  the  raising  of  Powers  from  any  given  number,  as 
a  root. 

A  Power  is  a  quantity  produced  by  multiplying  any  given  num- 
ber, called  the  Roof,  a  certain  number  of  times  continually  by 
itself.     Thus,  2  =    2  is  the  root,  or  first  power  of  2. 

2  X  2  a    4  is  the  2d  power,  or  square  of  2. 
2  X  2  X  2  =«    8  is  the  8d  power,  or  cube  of  2. 
2  X  2  X  2  X  2  =  16  is  the  4th  power  of  2,  &c. 

And  in  this  manner  may  be  calculated  the  following  Table  of  the 
first  nine  powers  of  the  first  nine  numbers. 


t 

FABLB  OP 

FHE  FIRST  NINE 

POWERS 

OF  NU&IBERS. 

iBt 

2d. 

Sd. 

4th. 

6th. 

6th. 

7th. 

8th. 

9th. 

1 

1 

1 

1 

1 

1 

1 

1 

1 

2 

4 

8 

16 

82 

64 

128 

266 

612 

8 

9 

27 

81 

248 

729 

2187 

6661 

19683 

4 

16 

64 

266 

1024 

4096 

16884 

66686 

262144 

6 

26 

126 

626 

8126 

16626 

78126 

890626 

1963126 

6 

86 

216 

1296 

7776 

46666 

279986 

1679616 

10077696 

7 

49 

348 

2401 

16807 

117649 

828648 

6764801 

40368607 

8 

64 

612 

4096 

82768 

262144 

2097162 

16777216 

184217728 

9 

81 

729 

6661 

69049 

681441 

4782969 

48046721 

887420489 

The  Index  or  Exponent  of  a  Power  is  the  number  denoting  the 
height  or  degree  of  that  power ;  and  it  is  1  more  than  the  number 
of  multiplications  used  in  producing  the  same.  So  1  is  the  index 
or  exponent  of  the  1st  power  or  root,  2  of  the  2d  power  or  square, 
8  of  the  3d  power  or  cube,  4  of  the  4th  power,  and  so  on. 

Powers,  that  are  to  be  raised,  are  usually  denoted  by  placing  the 
index  above  the  root  or  first  power. 

So  2»  =    4,    is  the  2d  power  of  2. 
2*  =    8,    is  the  3d  power  of  2. 
2^  =  16,     is  the  4th  power  of  2. 
540^    is  the  4th  power  of  540  «  85030560000. 
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When  two  or  more  powers  are  multiplied  together,  their  product 
will  he  that  power  whose  index  is  the  sum  of  the  exponents  of  the 
factors  or  powers  multiplied.  Or,  the  multiplication  of  the  powers 
answers  to  the  addition  of  the  indices.  Thus,  in  the  following 
powers  of  2. 

1st.  2d.  8d.  4th.  5th.  6th.  7th.     8th.    9th.    10th. 

2     4     8     16     82    64    128    256    512    1024 

or,  2*     2»    2^      2^      2*     2*       2^       2^*       2«        2'^ 

Here,  4  x  4  «  16,  and  2  +  2  =  4  its  index; 
and  8  X  16  =  128,  and  8  +  4  =  7  its  index; 
also  16  X  64  »  1024,  and  4  +  6  »  10  its  index.     * 

The  2d  power  of  45  is  2025. 

Th^  square  of  4-16  is  17-3056. 

The  3d  power  of  3-5  is  42-875. 

The  5th  power  of  -029  is  -000000020511149. 

The  square  of  )  is  f. 

The  3d  power  of  { is  4||. 

The  4th  power  of  j  is  ^. 

EVOLUTIOIT. 

Evolution,  or  the  reverse  of  Involution,  is  the  extracting  or 
finding  the  roots  of  any  given  powers. 

The  root  of  any  number,  or  power,  is  such  a  number  as,  being 
multiplied  into  itself  a  certain  number  of  times,  will  produce  that 

rwer.     Thus,  2  is  the  square  root  or  2d  root  of  4,  because  2*  « 
X  2  =  4 ;  and  3  is  the  cube  root  or  3d  root  of  27,  because  3'  = 

3  X  3  X  3  =  27. 

Any  power  of  a  given  number  or  root  may  be  found  exactly, 
namely,  by  multiplying  the  number  continually  into  itself.  But 
there  are  many  numbers  of  which  a  proposed  root  can  never  be 
exactly  found.  Yet,  by  means  of  decimals  we  may  approximate 
or  approach  towards  the  root  to  any  degree  of  exactness. 

These  roots,  which  only  approximate,  are  called  Surd  roots ;  but 
those  which  can  be  found  quite  exact,  are  called  Bational  roots. 
Thus,  the  square  root  of  3  is  a  surd  root ;  but  the  square  root  of 

4  is  a  rational  root,  being  equal  to  2 :  also,  the  cube  root  of  8  is 
rational,  being  equal  to  2;  but  the  cube  root  of  9  is  surd,  or 
irrational. 

Boots  are  sometimes  denoted  by  writing  the  character  >/  before 
the  power,  with  the  index  of  the  root  against  it.  Thus,  the  third 
root  of  20  is  expressed  by  -^20;  and  the  square  root  or  2d  root 
of  it  is  \/20,  the  index  2  being  always  omitted  when  the  square 
root  is  designed. 

When  the  power  is  expressed  by  several  numbers,  with  the  sign 
+  or  —  between  them,  a  liiie  is  drawn  from  the  top  of  the  sign  over 
all  the  parts  of  it ;  thus,  the  third  root  of  45  —  12  is  -^45  —  12, 
or  thus,  -^(45  -*-  12),  enclosing  the  numbers  in  parentheses. 
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Bat  all  roots  are  now  often  designed  like  powers,  with  fractional 
indices :  thus,  the  square  root  of  8  is  8  ,  the  cube  root  of  25  is  25  , 
and  the  4th  root  of  45  -  18  is  45  -  181*,  or,  (45  -  18)*. 


TO  EXTRACT  THE  SQUARE  BOOT. 

Rule. — ^Divide  the  given  number  into  periods  of  two  figures 
each,  by  setting  a  point  oyer  the  place  of  units,  another  over  the 

J>lace  of  hundreds,  and  so  on,  over  every  second  figure,  both  to  the 
eft  hand  in  integers,  and  to  the  right  in  decimals. 

Find  the  greatest  square  in  the  first  period  on  the  left  hand,  and 
set  its  root  on  the  right  hand  of  the  given  number,  after  the  man- 
ner of  a  quotient  figure  in  Division. 

Subtract  the  square  thus  found  from  the  said  period,  and  to  the 
remainder  annex  the  two  figures  of  the  next  following  period  for  a 
dividend. 

Double  the  root  above  mentioned  for  a  divisor,  and  find  how 
often  it  is  contained  in  the  said  dividend,  exclusive  of  its  right-hand 
figure ;  and  set  that  quotient  figure  both  in  the  quotient  and  divisor. 

Multiply  the  whole  augmented  divisor  by  this  last  quotient  figure, 
and  subtract  the  product  from  the  said  dividend,  bringing  down  to 
the  next  period  of  the  given  number,  for  a  new  dividend. 

Repeat  the  same  process  over  again,  namely,  find  another  new 
divisor,  by  doubling  all  the  figures  now  found  in  the  root ;  from 
which,  and  the  last  dividend,  find  the  next  figure  of  the  root  as 
before,  and  so  on  through  all  the  periods  to  the  last. 

The  best  way  of  doubling  the  root  to  form  the  new  divisor  is  by 
adding  the  last  figure  always  to  the  last  divisor,  as  appears  in  the 
foUowmg  examples.  Also,  after  the  figures  belonging  to  the  given 
number  are  all  exhausted,  the  operation  may  be  continued  into 
decitoals  at  pleasure,  by  adding  any  number  of  periods  of  ciphers, 
two  in  each  period. 

To  find  the  square  root  of  29506624. 

29506624  (5432  the  root. 
25 


104 
4 

450 
416 

1083 
8 

3466 
8249 

10862 
2 

21724 
21724 

When  the  root  is  to  he  extracted  to  many  places  of  figures^  the  work 

may  he  considerably  shortened^  thus : 

Having  proceeded  in  the  extraction  after  the  common  method  till 

there  be  found  half  the  required  number  of  figures  in  the  root,  or 

one  figure  more ;  then,  for  the  rest,  divide  the  last  remainder  by 
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its  correspondiiig  divisor,  after  the  maimer  of  the  third  eontraetion 
in  Division  of  DecimalB ;  thus, 
To  find  the  root  of  2  to  nine  places  of  figures. 
2(1-4142 
1 
24  I  100 
4      96 
281  I  400 
1    281 


2824 
4 

11900 
11296 

28282 
2 

60400 
56564 

28284)    8886(1856 
1008 
160 
19 
2 
141421856  the  root  required. 
The  square  root  of  -000729  is  -027. 
The  square  root  of  8  is  1-732050. 
The  square  root  of  5  is  2*236068. 
The  square  root  of  6  is  2-449489. 

BULKS  FOB  THB  8QTTABE  BOOTS  07  COMMON  7BA0TI0N8  AND  MIXED 

NUMBSBS. 

First,  prepare  all  common  fractions  by  reducing  them  to  their 
least  terms,  both  for  this  and  all  other  roots.     Then, 

1.  Take  the  root  of  the  numerator  and  of  the  denominator  for 
the  respective  terms  of  the  root  required.  And  this  is  the  best 
way  if  the  denominator  be  a  complete  power;  but  if  it  be  not,  then, 

2.  Multiply  the  numerator  and  denominator  together ;  take  the 
root  of  the  product :  this  root  being  made  the  numerator  to  the 
denominator  of  the  given  fraction,  or  made  the  denominator  to  the 
numerator  of  it,  will  form  the  fractional  root  required. 

a       s/a       s^ah         a 
That  18,^^5  =  ;^--^ ;^. 

And  this  rule  will  serve  whether  the  root  be  finite  or  infinite. 

8.  Or  reduce  the  common  fraction  to  a  decimal,  and  extract  its  root. 

4.  Mixed  numbers  may  be  either  reduced  to  improper  fractions, 
and  extracted  by  the  first  or  second  rule ;  or  the  common  fraction 
may  be  reduced  to  a  decimal,  then  joined  to  the  integer,  and  the 
root  of  the  whole  extracted. 

The  root  of  }|  is  {. 

The  root  of  j^  is  f . 

The  root  of  A  is  0-866025. 

The  root  of  A  is  0-645497- 

The  root  of  17i  is  4168333. 
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By  means  of  the  square  root,  also,  may  readily  be  found  the  4th 
root,  or  the  8th  root,  or  the  16th  root,  &;c. ;  that  is,  the  root  of  any 
power  whose  index  is  some  power  of  th^  number  2 ;  namely,  by 
extracting  so  often  the  square  root  as  is  denoted  by  that  power 
of  2 ;  that  is,  two  extractions  for  the  4th  root,  three  for  the  8th 
root,  and  so  on. 

So,  to  find  the  4th  root  of  the  number  21035*8,  extract  the 
square  root  twice  as  follows : 


24 
4 

21635-8600 
1 

110 
96 

(145-037237  ( 12-0431407,  the  4th  root 

22  45 
2   44 

285 
5 

1435 
1425 

2404 
4 

10372 
9616 

29003  108000 
6   87009 

24083 
6 

75637 
72249 

20991(7237 
687 
107 
20 

3388(1407 
980 
17 

TO  EXTRACT  THE  CUBE  ROOT. 

1.  Divide  the  page  into  three  columns  (i),  (n),  (in),  in  order, 
from  left  to  right,  so  that  the  breadth  of  the  columns  may  increase 
in  the  same  order.  In  column  (in)  write  the  given  number,  and 
divide  it  into  periods  of  three  figures  each,  by  putting  a  point  over 
the  place  of  units,  and  also  over  every  third  figure,  from  thence  to 
the  left  in  whole  numbers,  and  to  the  right  in  decimals. 

2.  Find  the  nearest  less  cube  number  to  the  first  or  left-hand 
period ;  set  its  root  in  column  (in),  separating  it  from  the  right 
of  the  given  number  by  a  curve  line,  and  also  in  column  (i) ;  then 
multiply  the  number  in  (i)  by  the  root  figure,  thus  giving  the  square 
of  the  first  root  figure,  and  write  the  result  in  (ii) ;  multiply  the 
number  in  (li)  by  the  root  figure,  thus  giving  the  cube  of  the  first 
root  figure,  and  write  the  result  below  the  first  or  left-hand  period 
in  (in);  subtract  it  therefrom,  and  annex  the  next  period  to  the 
remainder  for  a  dividend. 

8.  In  (i)  write  the  root  figure  below  the  former,  and  multiply 
the  sum  ot  these  by  the  root  figure ;  place  the  product  in  (n),  and 
add  the  two  numbers  together  for  a  trial  divisor.  Again,  write  the 
root  figure  in  (i),  and  add  it  to  the  former  sum. 

4.  With  the  number  in  (n)  as  a  trial  divisor  of  the  dividend, 
omitting  the  two  figures  to  the  right  of  it,  find  the  next  figure  of 
the  root,  and  annex  it  to  the  former,  and  also  to  the  number  in  (i). 
Multiply  the  number  now  in  (i)  by  the  new  figure  of  the  root,  and 
write  the  product  as  it  arises  in  (ii),  but  extended  two  places  of 
figures  more  to  the  right,  and  the  sum  of  these  two  numbers  will 
be  the  corrected  divisor ;  then  multiply  the  corrected  divisor  by  the 
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last  root  figure,  placing  the  product  as  it  arises  below  the  dividend ; 
subtract  it  therefrom,  annex  another  period,  and  proceed  precisely 
as  described  in  (3),  for  correcting  the  columns  (l)  and  (n).  Then 
trith  the  new  trial  divisor  in  (ii),  and  the  new  dividend  iq  (in), 
proceed  as  before. 

When  the  trial  divisor  is  not  contained  in  the  dividend,  after  two 
figures  are  omitted  on  the  right,  the  next  root  figure  is  0,  and  there- 
fore one  cipher  must  be  annexed  to  the  number  in  ^i) ;  two  ciphers 
to  the  number  in  (n) ;  and  another  period  to  the  dividend  in  (ni). 

When  the  root  is  interminable,  we  may  contract  the  work  very 
considerably,  after  obtaining  a  few  figures  in  the  decimal  part  of 
the  root,  if  we  omit  to  annex  another  period  to  the  remainder  in 
(m) ;  cut  off  one  figure  from  the  right  of  (ii),  and  two  figures  from 
(i),  which  will  evidently  have  the  effect  of  cutting  off  three  figures 
from  each  column ;  and  then  work  with  the  numbers  on  the  left,  as 
in  contracted  multiplication  and  division  of  decimals.  "^ 

Find  the  cube  root  of  21035-8  to  ten  places  of  decimals. 

(I)  (n)  .     .    (Ill) 

2  4  21035-8  (27-60491055944 

2  8  8 


4 

2_ 
67 

7 
Ti 

7 
816 
6 
822 

6_ 

82804 

4 

82808 

4 

|-8|28|12 


12.. 

469 

1669 

518 

2187.. 

4896 

223596 

4932 

228528 

831216 

2285611216 

331232 


13035 

11683 
1352800 
1341576 


11224  

9142444864 

2081655136 

2057415281 

24139855 

22860923 

1278932 

1143046 

135886 

114305 

21581 

20575 

1006 

914 

92 

91 

2|2|8|6|0|9|3|2  1 

Required  the  cube  roots  of  the  following  numbers : — 


228594244 
7453 


228601697 
7453 


22860915 
8 


228609234 
83 


48228544,  46666,  and  15069223, 
64481-201,  and  28991029248. 
12821119155125,  and  -000076765625. 
mi,  and  16. 
91|,  and  7f 

8 


364,  36,  and  247. 

40-1,  and  8072. 

23405,  and  -0425. 

II,  and  2-519842. 

4-5,  and  1-98802366. 
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TO  EXTRACT  ANT  ROOT  WHATEVER. 

Let  N  be  the  given  power  or  number^  n  the  index  of  the  power, 
A  the  assumed  power,  r  its  root,  R  the  reqaired  root  of  N. 

Then,  as  the  snm  of  n  +  1  times  A  ana  n  —  1  times  N,  is  to 
the  sum  of  n  +  1  times  N  and  n  —  1  times  A,  so  is  the  assumed 
root  r,  to  the  required  root  R. 

Or,  as  half  the  said  sum  of  n  +  1  times  A  and  n  —  1  times  N, 
is  to  the  difference  between  the  given  and  assumed  powers,  so  is  the 
assumed  root  r,  to  the  difference  between  the  true  and  assumed 
roots ;  which  difference,  added  or  subtracted,  as  the  ease  requires, 

?*yes  the  true  root  nearly. 
hatis,(n  +  l).A  +  (n-l).N:(n  +  l).N  +  (n-l)-A::r:R. 
Or,  (n  +  1) .  t  A  +  (n  -  1)  .  JN  :  A  QQ  N : :  r :  R  QQ  r. 
And  the  operation  may  be  repeated  as  often  as  we  please,  by 
using  always  the  last  found  root  for  the  assumed  root,  and  its  nth 
power  for  the  assumed  power  A. 

To  extract  the  5th  root  of  21035-8. 
Here  it  appears  that  the  5th  root  is  between  7*8  and  7*4.    Taking 
7-8,  its  5th  power  is  20730-71593.     Hence  then  we  have, 
N  =  21035-8;  r  =  7-3;  n  =  5;  J  .  (w  + 1)  «  8;  f(n  - 1)  =  2. 
A  =  20730-716 


N  -  A  -  305-084 

A- 20730-716  N- 21035-8 

8 

2 

8  A  =  62192.148         42071-6 

2N -42071-6 

As  104263-7  :  805-084  : 

:  7-3 :  -0213605 

7-3 

915252 

2135588 

104263-7)  2227-1132  ( 

•0213605,  the  difFerence. 

14184 

7-3 -r  add 

3758 
630 

7-321360  =  R,  the  root,  tme  to 

5 

the  last  figure. 

The  6th  root  of  21035.8 

is  5-254037. 

The  6th  root  of  2 

is  1-122462. 

The  7th  root  of  21035-8 

is  4-145392. 

The  7th  root  of  2 

is  1-104089. 

The  9th  root  of  2 

is  1-080059. 

OF  KATIOS,  PEGPOETIOirS,  AVD  PEOGBES8IOH8. 

Numbers  are  compared  to  each  other  in  two  different  ways :  the 
one  comparison  considers  the  difference  of  the  two  numbers,  and 
is  named  Arithmetical  Relation,  and  the  difference  sometimes 
Arithmetical  Ratio :  the  other  considers  their  quotient,  and  is  called 
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Geometrical  Relation,  and  the  quotient  the  Geometrical  Ratio.  So^ 
of  these  two  numbers  6  and  3,  the  difference  or  arithmetical  ratio 
is  6  ^  3  or  8 ;  but  the  geometrical  ratio  is  J  or  2. 

There  must  be  two  numbers  to  form  a  comparison :  the  number 
which  is  compared,  being  placed  first,  is  called  the  Antecedent ; 
and  that  to  which  it  is  compared  the  Consequent.  So,  in  the 
two  numbers  above,  6  is  the  antecedent,  and  8  is  the  consequent. 

If  two  or  more  couplets  of  numbers  have  equal  ratios,  or  equal 
differences,  the  equality  is  named  Proportion,  and  the  terms  of  the 
ratios  Proportionals.  So,  the  two  couplets,  4, 2  and  8,  6  are  arith- 
metical proportionals,  because  4  —  2  =  8  —  6  =  2;  and  the  two  cou- 
plets 4, 2  and  6,  3  are  geometrical  proportionals,  because  1  =  { >=  2, 
the  same  ratio. 

To  denote  numbers  as  being  geometrically  proportional,  a  colon 
is  set  between  the  terms  of  each  couplet  to  denote  their  ratio ;  and 
a  double  colon,  or  else  a  mark  of  equality  between  the  couplets  or 
ratios.  So,  the  four  proportionals,  4, 2, 6, 3,  are  set  thus,  4 : 2 : :  6 : 3, 
which  means  that  4  is  to  2  as  6  is  to  3 ;  or  thus,  4:2  =  6:3;  or 
thus,  I  —  f,  both  which  mean  that  the  ratio  of  4  to  2  is  equal  to 
the  ratio  of  6  to  3. 

Proportion  is  distinguished  into  Continued  and  Discontinued. 
When  the  difference  or  ratio  of  the  consequent  of  one  couplet  and 
the  antecedent  of  the  next  couplet  is  not  the  same  as  the  common 
difference  or  ratio  of  the  couplets,  the  proportion  is  discontinued. 
So,  4, 2, 8, 6  are  in  discontinued  arithmetical  proportion,  because 
4-2  =  8  —  6  =  2,  whereas,  2  -  8  =  -  6;  and  4,  2, 6,  3  are  in 
discontinued  geometrical  proportion,  because  i  ^  |  ^  2,  but  f  —  i, 
which  is  not  the  same. 

But  when  the  difference  or  ratio  of  every  two  succeeding  terms  is 
the  same  quantity,  the  proportion  is  said  to  be  continued,  and  the  num- 
bers themselves  a  series  of  continued  proportionahs,  or  a  profession. 
So,  2, 4, 6,  8  form  an  arithmetical  progression,  because  4—^  =  6  — 
4  =  8  —  6  =  2,  all  the  same  common  difference ;  and  2, 4, 8, 16,  a 
geometrical  progression,  because  }  =  |  =  V  ^  2,  all  the  same  ratio. 

When  the  following  terms  of  a  Progression  exceed  each  other, 
it  is  called  an  Ascending  Progression  or  Series ;  but  if  the  terms 
decrease,  it  is  a  Descending  one. 

So,      0, 1, 2,  3,   4,  &;c.,  is  an  ascending  arithmetical  progression, 

but      9,  7, 5, 8,   1,  &G.,  is  a  descending  arithmetical  progression : 

Also,  1, 2, 4, 8, 16,  &c.,  is  an  ascending  geometrical  progression, 

and   16, 8, 4, 2,   1,  &c.,  is  a  descending  geometrical  progression. 

ARITHMETICAL  PROPORTION  AND  PROGRESSION, 

The  first  and  last  terms  of  a  Progression  are  called  the  Extremes ; 
and  the  other  terms  lying  between  them,  the  Means. 

The  most  useful  part  of  arithmetical  proportions  is  contained  in 
the  following  theorems : 

Theorem  1. — K  four  quantities  be  in  arithmetical  proportion,  the 
sum  of  the  two  extremes  will  be  equal  to  the  sum  of  the  two  means. 

Thus,  of  the  four  2,  4,  6,  8,  here  2  +  8  »  4  +  6.-  10. 
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Theorem  2. — In  any  continued  arithmetical  progression,  the  sum 
of  the  two  extremes  is  equal  to  the  sum  of  any  two  means  that  are 
equally  distant  from  them^  or  equal  to  double  the  middle  term  when 
there  is  an  uneven  number  of  terms. 

Thus,  in  the  terms  1,  8,  5,  it  is  1  +  5  «  8  +  3  =  6. 

And  in  the  series  2, 4,  6,  8, 10, 12, 14,  it  is  2  +  14  «  4  +  12  = 
6  +  10  =  8  +  8  =  16. 

Theorem  8. — The  difference  between  the  extreme  terms  of  an 
arithmetical  progression,  is  equal  to  the  common  difference  of  the 
series  multiplied  by  one  less  than  the  number  of  the  terms. 

So,  of  the  ten  terms,  2,  4,  6,  8,  10,  12,  14,  16, 18,  20,  the  com- 
mon difference  is  2,  and  one  less  than  the  number  of  terms  9 ;  then 
the  difference  of  the  extremes  is  20  —  2  =  18,  and  2  X  9  =  18  also. 

Consequently,  the  greatest  term  is  equal  to  the  least  term  added 
to  the  product  of  the  common  difference  multiplied  by  1  less  than 
the  number  of  terms. 

Theorem  4. — The  sum  of  all  the  terms  of  any  arithmetical  pro- 
gression is  equal  to  the  sum  of  the  two  extremes  multiplied  by  the 
number  of  terms,  and  divided  by  2 ;  or  the  sum  of  the  two  extremes 
multiplied  by  the  number  of  the  terms  gives  double  the  sum  of  all 
the  terms  in  the  series. 

This  is  made  evident  by  setting  the  terms  of  the  series  in  an 
inverted  order  under  the  same  series  in  a  direct  order,  and  adding 
the  corresponding  terms  together  in  that  order.     Thus, 

in  the  series,      1 ,      8 ,     5 ,      7 ,      9 ,    11 ,   13 ,     15 ; 

inverted,  15 ,    13 ,    11 ,      9 ,      7  ,      5 ,      8 ,      1 ; 

the  sums  are,    16  +  16  +  16  +  16  +  16  +  16  +  16  + 16, 
which  must  be  double  the  sum  of  the  single  series,  and  is  equal  to 
the  sum  of  the  extremes  repeated  so  often  as  are  the  number  of 
the  terms. 

From  these  theorems  may  readily  be  found  any  one  of  these  five 
parts ;  the  two  extremes,  the  number  of  terms,  tne  common  differ- 
ence, and  the  sum  of  all  the  terms,  when  any  three  of  them  are 
given,  as  in  the  following  Problems : 

PROBLEM  I. 

Given  the  extremes  and  the  number  of  termSy  to  find  the  sum  of  all 

the  terms. 
BuLE. — Add  the  extremes  together,  multiply  the  sum  by  the 
number  of  terms,  and  divide  by  2. 

The  extremes  being  3  and  19,  and  the  number  of  terms  9 ; 
required  the  sum  of  the  terms  7 
19 
3 

"22     Or,  19  +  3      ^      22      ^      ^^      ^      ^^ 
9        ' g—  x9  =  yx9  =  11x9  =  99. 

2)198 

99  =■  the  sum. 
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The  strokes  a  clock  strikes  in  one  whole  reyolution  of  the  index, 
or  in  12  hours,  is  78. 

PROBLEM  n. 

Given  the  extremee^  and  the  number  of  terms;  to  find  the  common 

difference. 
Rule. — Subtract  the  less  extrem^e  from  the  greater,  and  divide 
the  remainder  by  1  less  than  the  number  of  terms,  for  the  common 
difference. 

The  extremes  being  3  and  19,  and  the  number  of  terms  9 ;  re- 
quired the  common  difference  ? 
19 

_S        ^    19-8     16     ^ 
8)16       ^^>-9^rT"""8"'"2- 

If  the  extremes  be  10  and  70,  and  the  number  of  terms  21 ;  what 
is  the  common  difference,  and  the  sum  of  the  series  ? 

The  com.  diff.  is  3,  and  the  sum  is  840. 

PROBLEM  m. 

CHven  one  of  the  extremeSy  the  common  difference,  and  the  number 
ofterme;  to  find  the  other  extreme^  and  the  sum  of  the  series. 

Rule. — Multiply  the  common  difference  by  1  less  than  the  num- 
ber of  terms,  and  the  product  will  be  the  difference  of  the  extremes : 
therefore  add  the  product  to  the  less  extreme,  to  give  the  greater ; 
or  subtract  it  from  the  greater,  to  give  the  less. 

Given  the  least  term  3,  the  common  difference  2,  of  an  arith- 
metical series  of  9  terms;  to  find  the  greatest  term,  and  the  sum 
of  the  series  ? 

2 

J8 

16 

_8 

19  the  greatest  term. 

3  the  least. 
"22  sum. 
9  number  of  terms. 
2)198 

99  the  sum  of  the  series. 

If  the  greatest  term  be  70,  the  common  difference  8,  and  the 
number  of  terms  21 ;  what  is  the  least  term  and  the  sum  of  the 
series  ?  The  least  term  is  10,  and  the  sum  is  840. 

PROBLEM  IV. 

To  find  an  arithmeticai  mean  proportional  between  two  given  terms. 
Rule. — Add  the  two  given  extremes  or  terms  together,  and  take 
half  their  sum  for  the  arithmeticai  mean  required.     Or,  subtract 
l> 
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the  less  extreme  from  the  greater,  and  half  the  remainder  will  be 
the  common  difference ;  which,  being  added  to  the  less  extreme,  or 
subtracted  from  the  greater^  will  give  the  mean  required. 

To  find  an  arithmetical  mean  between  the  two  numbers  4  and  14. 

Here,  14  Or,  14  Or,  14 

_4  _4  J_ 

2)18  2)W  ^ 

9  5  the  com.  dif. 

4  the  less  extreme. 
_^ 

So  that  9  is  the  mean  required  by  both  methods. 

PROBLEM  V. 

To  find  two  arithmetical  means  between  two  given  extremes. 
BuLE. — Subtract  the  less  extreme  from  the  greater,  and  divide 
the  difference  by  3,  so  will  the  quotient  be  the  common  difference ; 
which,  being  oontmually  added  to  the  less  extreme,  or  taken  from 
the  greater,  gives  the  means. 

To  find  two  arithmetical  means  between  2  and  8. 
Here  8 

_2        Then  2  +  2  =  4  the  one  mean, 
S)6  and  4  +  2  «  6  the  other  mean, 

com.  dif.    2 

PROBLEM  YI. 

To  find  any  number  of  arithmetical  means  between  two  given  terms 

or  extremes. 
Rule. — Subtract  the  less  extreme  from  the  greater,  and  divide 
the  difference  by  1  more  than  the  number  of  means  required  to  be 
found,  which  will  give  the  common  difference;  then  this  being 
added  continually  to  the  least  term,  or  subtracted  from  the  greatest, 
will  give  the  mean  terms  required. 

To  find  five  arithmetical  means  between  2  and  14. 
Here  14 

Q 

_     Then,  by  adding  this  com.  dif.  continually, 
6 ) J:^        the  means  are  found,  4,  6,  8, 10, 12. 
com.  dif.    2 

GEOMETRICAL  PROPORTION  AND  PROGRESSION. 

The  most  oiseful  part  of  Geometrical  Proportion  is  contained  in 
the  following  theorems : 

Theorem  1. — If  four  quantities  be  in  geometrical  proportion, 
the  product  of  the  two  extremes  will  be  equal  to  the  product  of  the 
two  means. 

Thus,  in  the  four  2,  4,  3,  6  it  is  2  X  6  =«=  3  X  4  =  12. 

And  hence,  if  the  product  of  the  two  means  be  divided  by  one 
of  the  extremes,  the  quotient  will  give  the  other  extreme.     So,  of 
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the  above  numbers,  the  product  of  the  means  12  -f-  2  »  6  the  one 
extreme,  and  12  -f-  6  «  2  the  other  extreme;  and  this  is  the 
foundation  and  reason  of  the  practice  in  the  Rule  of  Three. 

Theorem  2. — In  any  continued  geometrical  progression,  the  pro- 
duct of  the  two  extremes  is  equal  to  the  product  of  any  two  means 
that  are  equally  distant  from  them,  or  equal  to  the  square  of  the 
middle  term  when  there  is  an  uneven  number  of  terms. 
Thus,  in  the  terms  2,  4,  8,  it  is  2  X  8  =  4  X  4  «  16. 
And  in  the  series  2,  4,  8,  16,  32,  64,  128, 

it  is  2  X  128  =  4  X  64  «  8  X  82  «  16  X  16  =  256. 
Theorem  8. — The  quotient  of  the  extreme  terms  of  a  geome- 
trical progression  is  equal  to  the  common  ratio  of  the  series  raised 
to  the  power  denoted  by  one  less  than  the  number  of  the  terms. 

So,  of  the  ten  terms  2,  4,  8,  16,  82,  64,  128,  256,  512,  1024, 
the  common  ratio  is  2,  one  less  than  the  number  of  terms  9 ;  then 

1024 
the  quotient  of  the  extremes  is  —^  =«  612,  and  2®  =»  512  also. 

Consequently,  the  greatest  term  is  equal  to  the  least  term  multi- 
plied by  the  said  power  of  the  ratio  whose  index  is  one  less  than 
the  number  of  terms. 

Theorem  4. — The  sum  of  all  the  terms  of  any  geometrical  pro- 
gression is  found  by  adding  the  greatest  term  to  the  difference  of 
the  extremes  divided  by  one  less  than  the  ratio. 

So,  the  sum  2, 4,  8, 16,  82,  64, 128,  256,  512, 1024,  (whose  ratio 
1024  —  2 
is  2,)  is  1024  +     g_.^     «  1024  +  1022  =  2046. 

The  foregoing,  and  several  other  properties  of  geometrical  pro- 
portion, are  demonstrated  more  at  large  in  Byrne's  JDoctrine  of  Pro- 
portion. A  few  examples  may  here  be  added  to  the  theorems  just 
delivered,  with  some  problems  concerning  mean  proportionals. 

The  least  of  ten  terms  in  geometrical  progression  being  1,  and 

the  ratio  2,  what  is  the  greatest  term,  and  the  sum  of  all  the  terms  ? 

The  greatest  term  is  512^  and  the  sum  1028. 

PROBLEM  I. 

To  find  one  geometrical  mean  proportional  between  any  two  numbers. 

Rule. — Multiply  the  two  numbers  together,  and  extract  the  square 
root  of  the  product,  which  will  give  the  mean  proportional  sought* 

Or,  divide  the  greater  term  by  the  less,  and  extract  the  square 
root  of  the  quotient,  which  will  give  the  common  ratio  of  the  three 
terms :  then  multiply  the  less  term  by  the  ratio,  or  divide  the 
greater  term  by  it,  either  of  these  will  give  the  middle  term  required. 

To  find  a  geometrical  mean  between  the  two  numbers  8  and  12. 

First  way.  Second  way. 

12  8 )  12  ( 4,  its  root,  is  2,  the  ratio. 

36  ( 6  the  mean.  Then,  3  x  2  =«  6  the  mean. 

86  Or,    12  -5-  2  «  6  also. 
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PROBLEM  n. 

To  find  two  geometrical  mean proportionah  between  any  two  numbers. 
Rule. — Divide  the  greater  number  by  the  less,  and  extract  the 
cube  root  of  the  quotient,  which  will  give  the  common  ratio  of  the 
terms.  Then  multiply  the  least  given  term  by  the  ratio  for  the 
first  mean,  and  this  mean  again  by  the  ratio  for  the  second  mean ; 
or,  divide  the  greater  of  the  two  given  terms  by  the  ratio  for  the 
greater  mean,  and  divide  this  again  by  the  ratio  for  the  less  mean. 

To  find  two  geometrical  mean  proportionals  between  3  and  24. 

Here,    8  )  24  (  8,  its  cube  root,  2  is  the  ratio. 

Then,    8x2=    6,  and    6  x  2  =  12,  the  two  means. 

Or,      24  -^  2  ==  12,  and  12  -^  2  =    6,  the  same. 

That  is,  the  two  means  between  3  and  24,  are  6  and  12. 

problem  ni. 
To  find  any  number  of  geometrical  mean  proportionals  between  two 

numbers. 

Rule. — Divide  the  greater  number  by  the  less,  and  extract  such 
root  of  the  quotient  whose  index  is  one  more  than  the  number  of 
means  required,  that  is,  the  2d  root  for  1  mean,  the  3d  root  for 
2  means,  the  4th  root  for  8  means,  and  so  on ;  and  that  root  will 
be  the  common  ratio  of  all  the  terms.  Then  with  the  ratio  multi- 
ply continually  from  the  first  term,  or  divide  continually  from  the 
last  or  greatest  term. 

To  find  four  geometrical  mean  proportionals  between  8  and  96. 

Here,    3 )  96  ( 32,  the  5th  root  of  which  is  2,  the  ratio. 
Then,    8  x  2=  6,  and   6x2=12,  and  12x2=24,  and  24x2=48. 
Or,      96-i-2=48,and48H-2=24,and24-^2=12,andl2-4-2=  6. 
That  is,  6,  12,  24,  48  are  the  four  means  between  8  and  96. 

OF  MUSICAL  PROPORTION. 

There  is  also  a  third  kind  of  proportion,  called  Musical,  which, 
being  but  of  little  or  no  common  use,  a  very  short  account  of  it  may 
here  suflSce. 

Musical  proportion  is  when,  of  three  numbers,  the  first  has  the 
same  proportion  to  the  third,  as  the  difference  between  the  first  and 
second  has  to  the  difference  between  the  second  and  third. 

As  in  these  three,  6,  8,  12 ; 
where,  6  :  12  : :  8  -  6  :  12  —  8, 
that  is,  6  :  12  : :  2   :   4. 

When  four  numbers  are  in  Musical  Proportion ;  then  the  first 
has  the  same  proportion  to  the  fourth,  as  the  difference  between 
the  first  and  second  has  to  the  difference  between  the  third  and 
fourth. 

As  in  these,  6,  8,  12,  18 ; 

where,  6  :  18  : :  8  -  6  :  18  -  12, 

thatis,6  :  18  ::  2   :   6. 
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When  numbers  are  in  Musical  Progression,  their  reciprocals  are 
in  Arithmetical  Progression ;  and  the  converse,  that  is,  when  num- 
bers are  in  Arithmetical  Progression,  their  reciprocals  are  in  Mu- 
sical Progression. 

So,  in  these  Musicals  6,  8,  12,  their  reciprocals  },  },  ^,  are  in 
arithmetical  progression ;  for  J  +  ^  ==  A  =  J >  *^d  J  +  J  =  |  =  j; 
that  is,  the  sum  of  the  extremes  is  equal  to  double  the  mean,  which 
is  the  property  of  arithmeticals. 

FELLOWSHIP,  OB  PAETNEE8HIP. 

Fellowship  is  a  rule  by  which  any  sum  or  quantity  may  be 
divided  into  any  number  of  parts,  which  shall  be  in  any  given  pro- 
portion to  one  another. 

By  this  rule  are  adjusted  the  gains,  or  losses,  or  charges  of  part- 
ners in  company ;  or  the  effects  of  bankrupts,  or  legacies  in  case  of 
a  deficiency  of  assets  or  effects ;  or  the  shares  of  prizes,  or  the 
numbers  of  men  to  form  certain  detachments ;  or  the  division  of 
waste  lands  among  a  number  of  proprietors. 

Fellowship  is  either  Single  or  Double.  It  is  Single,  when  the 
shares  or  portions  are  to  be  proportional  each  to  one  single  given 
number  only;  as  when  the  stocks  of  partners  are  all  employed  for 
the  same  time :  and  Double,  when  each  portion  is  to  be  proportional 
to  two  or  more  numbers ;  as  when  the  stocks  of  partners  are  em- 
ployed for  different  times. 

single  fellowship. 

General  Rule. — ^Add  together  the  numbers  that  denote  the 
proportion  of  the  shares.     Then, 

As  the  sum  of  the  said  proportional  numbers 
Is  to  the  whole  sum  to  be  parted  or  divided, 
So  is  each  several  proportional  number 
To  the  corresponding  share  or  part. 
Or,  As  the  whole  stock  is  to  the  whole  gain  or  loss, 

So  is  each  man's  particular  stock  to  his  particular  share  of 
the  gain  or  loss. 

To  prove  the  work. — ^Add  all  the  shares  or  parts  together,  and 
the  sum  will  be  equal  to  the  whole  number  to  be  shared,  when  the 
work  is  right. 

To  divide  the  number  240  into  three  such  parts,  as  shall  be  in 
proportion  to  each  other  as  the  three  numbers,  1,  2,  and  3. 

Here  1  +  2  +  8  =  6  the  sum  of  the  proportional  numbers. 

Then,  as  6  :  240  : :  1  :    40  the  1st  part, 

and,     as  6  :  240  : :  2  :    80  the  2d  part, 

also     as  6  :  240  ::  3  :  120  the  3d  part. 

Sum  of  all  240,  the  proof* 

Three  persons.  A,  B,  C,  freighted  a  ship  with  840  tuns  of  wine ; 
of  which,  A  loaded  110  tuns,  B  97,  and  C  the  rest :  in  a  storm,  the 
d2 
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Beamen  were  obliged  to  throw  overboard  85  tuns ;  how  mnch  must 
each  person  sostain  of  the  loss  ? 

Here,    110  +    97  «  207  tuns,  loaded  by  A  and  B ; 
theref.,  340  —  207  «  133  tuns,  loaded  by  0. 
hence,  as  340  :  85  : :  110 

or,    as     4:1::  110  :  27)  tuns  «  A  V  loss ; 

and,  as     4  :    1  : :     97  :  24^  tuns  »  B's  loss ; 

also,  as     4  :    1  ::  133  :8^  tuns  =  O's  loss. 
Sum  85_  tuns,  the  proof. 

DOUBLE  FELLOWSHIP. 

Double  Fellowship,  as  has  been  said,  is  concerned  in  cases 
in  which  the  stocks  of  partners  are  employed  or  continued  for  dif- 
ferent times. 

Rule. — Multiply  each  person's  stock  by  the  time  of  its  continu- 
ance ;  then  divide  the  quantity,  as  in  Single  Fellowship,  into  shares 
in  proportion  to  these  products,  by  saying : 

As  the  total  sum  of  all  the  said  products 

Is  to  the  whole  gain  or  loss,  or  quantity  to  be  parted, 

So  is  each  particular  product 

To  the  corresponding  share  of  the  gain  or  loss. 

SIMPLE  DTTEBEST. 

Interest  is  the  premium  or  sum  allowed  for  the  loan,  or  for- 
bearance of  money. 

The  money  lent,  or  forborne,  is  called  the  Principal. 

The  sum  of  the  principal  and  its  interest,  added  together,  is 
called  the  Amount. 

Interest  is  allowed  at  so  much  per  cent,  per  annum,  which  pre- 
mium per  cent,  per  annum,  or  interest  of  a  (100  for  a  year,  is 
called  the  Rate  of  Interest.     So, 

When  interest  is  at  3  per  cent,  the  rate  is  3 ; 

4  per  cent 4; 

5  per  cent 5; 

6  per  cent 6. 

Interest  is  of  two  sorts :  Simple  and  Compound. 

Simple  Interest  is  that  which  is  allowed  for  the  principal  lent  or 
forborne  only,  for  the  whole  time  of  forbearance. 

As  the  interest  of  any  sum,  for  any  time,  is  directly  proportional 
to  the  principal  sum,  and  also  to  the  time  of  continuance ;  hence 
arises  the  following  general  rule  of  calculation. 

General  Rule. — As  $100  is  to  the  rate  of  interest,  so  is  any 
given  principal  to  its  interest  for  one  year.     And  again, 

As  one  year  is  to  any  given  time,  so  is  the  interest  for  a  year  just 
found  to  the  interest  of  the  given  sum  for  that  time. 

Otherwise. — Take  the  interest  of  one  dollar  for  a  year,  which, 
multiply  by  the  given  principal,  and  this  product  again  by  the  time 
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of  loan  or  forbearance,  in  years  and  parts,  for  the  interest  of  the 
proposed  sum  for  that  time. 

When  there  are  certain  parts  or  years  in  the  time,  as  quarters, 
or  months,  or  days,  they  may  be  worked  for  either  by  taking  the 
aliqaot,  or  like  parts  of  the  interest  of  a  year,  or  by  the  Rule  of 
Three,  in  the  usual  way.  Also,  to  divide  by  100,  is  done  by  only 
pointing  off  two  figures  for  decimals. 

COMPOUND  INTEREST. 

Compound  Interest,  called  also  Interest  upon  Interest,  is  that 
which  arises  from  the  principal  and  interest,  taken  together,  as  it 
becomes  due  at  the  end  of  each  stated  time  of  payment. 

Rules. — 1.  Find  the  amount  of  the  given  principal,  for  the  time 
of  the  first  payment,  by  Simple  Interest.  Then  consider  this 
amount  as  a  new  principal  for  the  second  payment,  whose  amount 
calculate  as  before ;  and  so  on,  through  all  the  payments  to  the  last, 
always  accounting  the  last  amount  as  a  new  principal  for  the  next 
payment.  The  reason  of  which  is  evident  from  the  definition  of 
Compound  Interest     Or  else, 

2.  Find  the  amount  of  one  dollar  for  the  time  of  the  first  pay- 
ment, and  raise  or  involve  it  to  the  power  whose  index  is  denoted 
by  the  number  of  payments.  Then  that  power  multiplied  by  the 
given  principal  wiU  produce  the  whole  amount.  From  which  the 
said  principal  being  subtracted,  leaves  the  Compound  Interest  of 
the  same ;  as  is  evident  from  the  first  rule. 

posiTioir. 

Position  is  a  method  of  performing  certain  questions  which  can- 
not be  resolved  by  the  common  direct  rules.  It  is  sometimes  called 
False  Position,  or  False  Supposition,  because  it  makes  a  supposi- 
tion of  false  numbers  to  work  with,  the  same  as  if  they  were  the 
true  ones,  and  by  their  means  discovers  the  true  numbers  sought. 
It  is  sometimes  also  called  Trial  and  Error,  because  it  proceeds 
by  trials  of  false  numbers,  and  thence  finds  out  the  true  ones  by  a 
comparison  of  the  errors. 

Position  is  either  Single  or  Double. 

SINGLE  POSITION. 

Single  Position  is  that  by  which  a  question  is  resolved  by  means 
of  one  supposition  only. 

Questions  which  have  their  results  proportional  to  their  supposi- 
tions belong  to  Single  Position ;  such  as  those  which  require  the 
multiplication  or  division  of  the  number  sought  by  any  proposed 
number ;  or,  when  it  is  to  be  increased  or  diminished  by  itself,  or 
any  parts  of  itself,  a  certain  proposed  number  of  times. 

Rule. — Take  or  assume  any  number  for  that  required,  and  per- 
form the  same  operations  with  it  as  are  described  or  performed  in 
the  question. 

Then  say,  as  the  result  of  the  said  operation  is  to  the  position 


Proof. 

i  of  144  is 

48 

i  of  144  is 

86 

their  som 

84 

taken  from  144 

leaves 

60  ae 

per  question. 

::  60:144. 
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or  nnmber  assumed,  so  is  the  result  in  the  question  to  the  number 
sought. 

A  person,  after  spending  i  and  I  of  his  money,  has  yet  remain- 
ing $60,  what  had  he  at  first? 

Suppose  he  had  at  first  $120 
Now  i  of  120  is    40 
I  of  it  is     _80 
their  sum  is  70 

which  taken  from  120 
leaves  50 

Then,  50  :  120 

What  number  is  that,  which  multiplied  by  7,  and  the  product 
divided  by  6,  the  quotient  may  be  14  ?  12. 

PERMUTATIONS  AND  COMBINATIONS. 

The  Permutations  of  any  number  of  quantities  signify  the  changes 
which  these  quantities  may  undergo  with  respect  to  their  order. 

Thus,  if  we  take  the  quantities  a,  6,  c;  then,  ab  Cj  a  cb,  b  a  c, 
b  c  a,  c  aby  c  b  a,  VLte  the  permutations  of  these  three  quantities 
taken  aU  together;  a  b,  a  Cj  b  Oy  b  Cy  e  (Zy  e  b^  t^re  the  permutations 
of  these  quantities  taken  two  and  two;  a,  6,  c,  are  the  permutation 
of  these  quantities  taken  singly,  or  one  and  oney  &c. 

The  number  of  the  permutations  of  the  eight  letters,  a,  (,  Cy  dy 
e,  /,  ffy  A,  is  40320 ;  becomes, 

1.2.8.4.5.6.7.8  =  40820. 

DOUBLE  POSITION. 

Double  Position  is  the  method  of  resolving  certain  questions 
by  means  of  two  suppositions  of  false  numbers. 

To  the  Double  Rule  of  Position  belong  such  questions  as  have 
their  results  not  proportional  to  their  positions :  such  are  those,  in 
which  the  numbers  sought,  or  their  parts,  or  their  multiples,  are 
increased  or  diminished  by  some  given  absolute  number,  which  is 
no  known  part  of  the  number  sought. 

Take  or  assume  any  two  convenient  numbers,  and  proceed  with 
each  of  them  separately,  according  to  the  conditions  of  the  ques- 
tion, as  in  Single  Position ;  and  find  how  much  each  result  is  dif- 
ferent from  the  result  mentioned  in  the  question,  noting  also 
whether  the  results  are  too  great  or  too  little. 

Then  multiply  each  of  the  said  errors  by  the  contrary  supposi- 
tion, namely,  the  first  position  by  the  second  error,  and  the  second 
position  by  the  first  error. 

If  the  errors  are  alike,  divide  the  difference  of  the  products  by 
the  difference  of  the  errors,  and  the  quotient  will  be  the  answer. 

But  if  the  errors  are  unlike,  divide  the  sum  of  the  products  by 
the  sum  of  the  errors,  for  the  answer. 

The  errors  are  said  to  be  alike,  when  they  are  either  both  too 
great,  or  both  too  little  ;  and  unlike,  when  one  is  too  great  and  the 
other  too  little. 
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What  number  is  that,  which,  being  multiplied  by  6,  the  product 
increased  by  18,  and  the  sum  divided  by  9,  the  quotient  shall  be  20. 
Suppose  the  two  numbers,  18  and  80.     Then 

First  position.  Second  position.  Proof. 

18  30  27 

6  mult.  6  6 


108 

180 

162 

18  add. 

18 

18 

9)126 

9)198 

9)180 

14  results. 

22 

20 

20  true  res. 

20 

+  6  errors  unlike. 

—  2 

2dpos.  30  mult. 

18l8t 

pos. 

Err.„{|'«« 

86 

Sam       8  )  216  sam  of  products. 

27  answer  sought. 

• 

Find,  by  trial,  two  numbers,  as  near  the  true  number  as  possible, 
and  operate  with  them  as  in  the  question ;  marking  the  errors 
which  arise  from  each  of  them. 

Multiply  the  difference  of  the  two  numbers,  found  by  trial,  by 
the  least  error,  and  divide  the  product  by  the  difference  of  the 
errors,  when  they  are  alike,  but  by  their  sum  when  they  are  unlike. 

Add  the  quotient,  last  found,  to  the  number  belonging  to  the 
least  error,  when  that  number  is  too  little,  but  subtract  it  when  too 
great,  and  the  result  will  give  the  true  quantity  sought. 

MEHSTJBATIOH  OF  STJPEBFICIES. 

The  area  of  any  figure  is  the  measure  of  its  surface,  or  the  space 
contained  within  the  bounds  of  that  surface,  without  any  regard  to 
thickness. 

A  square  whose  side  is  one  inch,  one  foot,  or  one  yard,  &c.  is 
called  the  measuring  unity  and  the  area  or  content  of  any  figure  is 
computed  by  the  number  of  those  squares  contained  in  that  figure. 

To  find  the  area  of  a  parallelogram;  whether  it  be  a  square^  a 
rectangle^  a  rhombuSy  or, a  rhamboideB. — ^Multiply  the  length  by  the 
perpendicular  height,  and  the  product  will  be  the  area. 

The  perpendic^ar  height  of  the  parallelogram  is  equal  to  the 
area  divided  by  the  base. 


Required  the  area  of  the  square  ABCD  whose 
side  is  5  feet  9  inches. 

E^e  5ft.  9  in.  =  6-75 :  and'M5\^  =  5-75  X 
5-75  =  88-0625  feet  =  88  fe.  0  in.  9  pa.  =  area 
required. 


i^ 
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Required  the  area  of  the  rectangle 
ABCD,  whose  length  AB  is  18-75  chains, 
and  breadth  BC  9*5  chains. 

Here  13-75  X  9-5  «  lSO-625;  and 

i^^^  =  13-0625  a<?.  «  Uac.  Oro.lO 
po.  ■=  area  required. 

Required  the  area  of  the  rhombus 
ABCD,  whose  length  AB  is  12  feet  6 
inches,  and  its  height  DE  9  feet  3  inches. 

Here  12/6. 6  in.  =  12*5,  and  9  fe.  3  in. 
=  9-25. 

Whence,  12-5  X  9-25  =  115-625 /e.  = 
115  fe.  7  in.  6  pa.  =»  area  required. 

What  is  the  area  of  the  rhom- 
boides  ABCD,  whose  length  AB  is 
10-52  chains,  and  height  DE  7-63 
chains. 

Here  10-52  X  7-63  =:  80-2676; 

80-2676 
and  — Tni —  =  8-02676  acres  =  8  a<?. 


10 


0  ro.  ipo.  area  required. 

To  find  the  area  of  a  triangle. — Multiply  the  base  by  the  per- 
pendicular  height,  and  half  the  product  will  be  the  area. 

The  perpendicular  height  of  the  triangle  is  equal  to  twice  the 
area  divided  by  the  base. 

Required  the  area  of  the  triangle  ABC, 
whose  base  AB  is  10  feet  9  inches,  and 
height  DC  7  feet  3  inches. 

Here  10  fe.  9  in.  =  10-75,  and  7/e.  3  in. 
-  7-25. 

Whence,  10-75  X  7-25  «  77-9375,  and 
77-9375 
^ =  88-96875  feet  «  38  fe.  11  in. 

7  J  pa.  =s  area  required. 

To  find  the  area  of  a  triangle  whose  three  sides  only  are  given, — 
From  half  the  sum  of  the  three  sides  subtract  each  side  severally. 

Multiply  the  half  sum  and  the  three  remainders  continually  toge- 
ther, and  the  square  root  of  the  product  will  be  the  area  required 

Required  the  area  of  the  triangle  ABC,  o 

whose  three  sides  BC,  CA,  and  AB  are 
24,  36,  and  48  chains  respectively. 


Here 


24  +  36  +  48 


m.^ 


\  sum  of  the  sides. 

Also,  54  -  24  =  ZQ  first  diff. ;  54  -  86 
»  18  second  diff.;  and  64  —  48  «  6  third  diff. 
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Wheneey  ^"54x30x18x6  =  ^  174960  =  418-282  =  area 
required. 

Any  two  sides  of  a  right  angled  triangle  being  given  to  find 
the  third  side. — ^When  the  two  legs  are  given  to  find  the  hypo- 
thenose,  add  the  square  of  one  of  the  legs  to  the  square  of  the 
other,  and  the  square  root  of  the  sum  will  be  equal  to  the  hjpo- 
thenuse. 

When  the  hypothenuse  and  one  of  the  legs  are  given  to  find  the 
other  leg. — From  the  square  of  the  hypothenuse  take  the  square 
of  the  given  leg,  and  the  square  root  of  the  remainder  will  be  equal 
to  the  other  leg. 

In  the  right  angled  triangle  ABC,  the 
base  AB  is  56,  and  the  perpendicular  EG  33, 
what  is  the  hypothenuse  ? 

Here  66*  +  33»  -  3136  +  1089  =  4225, 
and  \/4226  =  65  ■■  hypothenuse  AC. 

If  the  hypothenuse  AO  be  53,  and  the 
base  AB  45,  what  is  the  perpendicular  BC  ?     ^ 

Here  53*  -  45»  =  2809  -  2025  =  784,  and  v/784  «  28  = 
perpendicular  BC. 

To  find  the  area  of  a  trapezium. — Multiply  the  diagonal  by  the 
snm  of  the  two  perpendiculars  falling  upon  it  from  the  opposite 
angles,  and  half  the  product  will  be  the  area. 

Required  the  area  of  the  trapezium 
BAED,  whose  diagonal  BE  is  84,  the 
perpendicular  AC  21,  and  DF  28. 

Here  28  +  21  X  84  =  49  X  84=4116, 
^4116       ^ 
and  -g—  =s  2058  the  area  required. 

To  find  the  area  of  a  trapezoid^  or  a  quadranghy  two  of  whose 
opposite  sides  are  parallel. — Multiply  the  sum  of  the  parallel  sides 
by,the  perpendicular  distance  between  them,  and  half  the  product 
will  be  the  area. 

Required  the  area  of  the  trapezoid  ABCD, 
whose  sides  AB  and  DC  are  321-51  and 
214-24,  and  perpendicular  DE  171-16. 

Here  821-51  +  214-24  «  535-75  =  sum 
of  the  parallel  sides  AB,  DC. 

Whence,  535-75  X 171-16  (theperp.  DE)  = 

91698-9700 
91698-9700,  and ^ «  45849-485  the  area  required. 

To  find  the  area  of  a  regular  polygon. — Multiply  half  the  peri- 
meter of  the  figure  by  the  perpendicular  falling  from  its  centre 
upon  one  of  the  sides,  and  the  product  will  be  the  area. 

The  perimeter  of  any  figure  is  the  sum  of  all  its  sides. 


48 


THS  PBACTICAL  MODEL  CALCULATOR. 


Required  the  area  of  the  regtilar  pentagon 

ABODE,  whose  side  AB,  or  BC,  &c.,  is  26 

feet,  and  the  perpendicular  OP  17*2  feet* 

„      25  X  6        ^^  ^        ,  ,^ 

Here  — 5 —  =  62-5  «*  half  penmetery 

and  62-5  X  17-2  «=  1075  square  feet  ■»  area 
required. 

To  find  the  area  of  a  regular  polygon^  when  the  side  only  is 
given. — Multiply  the  square  of  the  side  of  the  polygon  by  the 
number  standing  opposite  to  its  name  in  the  following  table,  and 
the  product  will  be  the  area. 


No.  of 
ddee. 

N«»... 

MultipUen. 

Naof 
■idea. 

N^a... 

Multiplk>ni. 

8 
4 
5 
6 
7 

Trigon  or  eqnil.  a 
Tetragon  or  square 
Pentagon 
Hexagon 
Heptagon 

0-488013 
1-000000 
1-720477 
2-59807JB 
8-638912 

8 

9 

10 

11 

12 

Octagon 

Nonagon 

Decagon 

Undecagon 

Dnodecagon 

4-828427 
6-181824 
7-694209 
9-865640 
11-196152 

The  angle  OBP,  together  with  its  tangent,  for  any  polygon  of  not 
more  than  12  sides,  is  shown  in  the  following  table : 


No.  of 
ddef. 

Namoe. 

Angl* 
OBF. 

Tangmta. 

8 
4 

6 
6 
7 
8 
9 

10 
11 
12 

Trigon 
Tetragon 

Pentagon 

Hexagon 

Heptagon 

Octagon 

Nonago|i 

Decagon 

Undecagon 

Dnodecagon 

80<» 
45« 

54<» 

eo^' 

6401 
67°* 
700 

720 

73o^V 
750 

•57735  =:  J  v^ 
1-00000  «  1  X  1 

1-87638  «^l  +  fv/5 

1-73205  «  v^ 

2-07652 

2-41421  =s  1  +  v^ 

2-74747 

807768  as  v^5  +  2  v^5 

8-40568 

8-78206  =a  2  +  v/S 

Required  the  area  of  a  pentagon  whose  side  is  15. 

The  number  opposite  pentagon  in  the  table  is  1*720477. 

ffence  1-720477  X  15»  «  1-720477  x  225  «  887-107325  « 
area  required. 

The  diameter  of  a  circle  being  given  to  find  the  circumfereneej 
or  the  circumference  being  given  to  find  the  diameter. — Multiply 
the  diameter  by  3-1416,  and  the  product  will  be  the  circumfer- 
ence, or 

Divide  the  circumference  by  3-1416,  and  the  quotient  will  be  the 
diameter. 

As  7  is  to  22,  so  is  the  diameter  to  the  circumference ;  or  as  22 
is  to  7,  so  is  the  circumference  to  the  diameter. 

As  113  is  to  355,  so  is  the  diameter  to  the  circumference ;  or, 
as  352  is  to  115,  so  is  the  circumference  to  the  diameter. 
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If  the  diameter  of  a  circle  be  17,  what  is  the  circumference  ? 

Eere  8-1416  x  17  —  68-4072  —  circumference. 
If  the  circumference  of  a  circle  be  854,  what  is  the  diameter  ? 
854-000 
Here  o.^^-t  g  ««  112-681  =»  diarneter. 

To  find  the  length  of  any  arc  of  a  circle* — When  the  chord  of 
the  arc  and  the  versed  sine  of  half  the  arc  are  given  : 

To  15  times  the  square  of  the  chord,  add  83  times  the  square  of 
the  versed  sine,  and  reserve  the  number.  ".^^ 

To  the  square  of  the  chord,  add  4  times  the  square  of  the  versed  sine, 
and  the  square  root  of  the  sum  will  be  twice  the  chard  of  half  the  arc. 

Multiply  twice  the  chord  of  half  the  arc  by  10  times  the  square 
of  the  versed  sine,  divide  the  product  by  the  reserved  number,  and 
add  the  quotient  to  twice  the  chord  of  hal5  the  arc :  the  sum  will 
be  the  length  of  the  arc  very  nearly. 

When  the  chord  of  the  arc,  and  the  chord  of  half  the  arc  are 
given. — From  the  square  of  the  chord  of  half  the  arc  subtract  the 
square  of  half  the  chord  of  the  arc,  the  remainder  will  be  the  square 
of  the  versed  sine :  then  proceed  as  above. 

When  the  diameter  and  the  versed  sine  of  half  the  arc  are  given : 

From  60  times  the  diameter  subtract  27  times  the  versed  sine, 
and  reserve  the  number. 

Multiply  the  diameter  by  the  versed  sine,  and  the  square  root 
of  the  product  will  be  the  chord  of  half  the  arc. 

Multiply  twice  the  chord  of  half  the  arc  by  10  times  the  versed 
sine,  divide  the  product  by  the  reserved  number,  and  add  the  quo- 
tient to  twice  the  chord  of  half  the  arc ;  the  sum  will  be  the  length 
of  the  arc  very  nearly. 

When  the  diameter  and  chord  of  the  arc  are  given,  the  versed  * 
sine  may  be  found  thus :  From  the  square  of  the  diameter  subtract 
the  square  of  the  chord,  and  extract  the  square  root  of  the  re- 
mainder.    Subtract  this  root  from  the  diameter,  and  half  the  re- 
mainder will  give  the  versed  sine  of  half  the  arc. 

The  square  of  the  chord  of  half  the  arc  being  divided  by  the 
diameter  will  give  the  versed  sine,  or  being  divided  by  the  versed 
sine  will  give  the  diameter. 

The  length  of  the  arc  may  also  be  found  by  multiplying  together  the 
number  of  degrees  it  contains,  the  radius  and  the  number  -01745829. 

Or,  as  180  is  to  the  number  of  degrees  in  the  arc,  so  is  8-1416 
times  the  radius,  to  the  length  of  the  arc« 

Or,  as  8  is  to  the  number  of  degrees  in  the  arc,  so  is  '05286  times 
the  radius  to  the  length  of  the  arc.  ^ 

If  the  chord  DE  be  48,  and  the  versed  sine 
CB  18,  what  is  the  length  of  the  arc  ? 
Sere  48»  x  15  =  84560  [ 

18»  X  83  =  10692  \ 

45252  reserved  number. 


i 

t 

J 
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48«  «  2304  =  the  square  of  the  chord. 
18*  X  4  =»  1296  =  4  times  the  square  of  the  versed  sine. 
^  8600  ■■  60  =  twice  the  chord  of  half  the  arc. 
-_     60  X  18«  X  10      194400       ^  ^^  ^ 

45252 '^  45252^  ^  4*2959,  which  added  to  twice 

the  chord  of  half  the  arc  gives  64-2959  «*  the  length  of  the  arc. 

60  X  60  -  8000 
18  X  27  «    486 

2614  reserved  number. 

AC  «jv/50  X  18  =  30  «  the  chord  of  half  the  are. 


30  X  2  X  18  X  10      10800       ,  ^^^^     , . ,     ,,  ,  .      ^ 
2514 **  2514   ~  4'2959,  which  added  to  twice  t/ie 

chord  of  half  the  arc  gives  64*2969  =  the  length  of  the  arc. 

To  find  the  area  of  a  circle. — Multiply  half  the  circumference  by 
half  the  diameter,  and  the  product  will  be  the  area. 

Or  take  ^  of  the  product  of  the  whole  circumference  and  diameter. 

What  is  the  area  of  a  circle  whose  diameter  is  42,  and  circum- 
ference 131-946  ? 

2)131-946 

65-973  as  J  circumference. 

21  ==  J  diameter. 
65973 
131946 


1385-433  s=  area  required. 

What  is  the  area  of  a  circle  whose  diameter  is  10  feet  6  inches, 
and  circumference  31  feet  6  inches  ? 
fe.       in. 

15        9  =  15-75  =  J  circumference. 
5        8  =    5-25  =a  I  diameter. 
7875 
8150 
7875 
82-6875 

12 

8-2500 

82  feet  8  inches. 
Multiply  the  square  of  the  diameter  by  '7854,  and  the  product 
will  be  the  area ;  or, 

Multiply  the  square  of  the  circumference  by  -07958,  and  the 
product  will  be  the  area. 

The  following  table  will  also  show  most  of  the  useful  problems 
relating  to  the  circle  and  its  equal  or  inscribed  square. 
Diameter  X  -8862  =  side  of  an  equal  square. 
Circumf.   X  -2821  «=  side  of  an  equal  square. 
Diameter  x  -7071  =  side  of  the  inscribed  square. 
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Circumf.  X  '2251  =  side  of  the  inscribed  square. 
Area  X  -6366  »  side  of  the  inscribed  square. 
Side  of  a  square  X  1*4142  »  diam.  of  its  circums.  circle. 
Side  of  a  square  X  4*448  «  circumf.  of  its  circums.  circle. 
Side  of  a  square  X  1*128  »  diameter  of  an  equal  circle. 
Side  of  a  square  X  3*545  =  circumf.  of  an  equal  circle. 
What  is  the  area  of  a  circle  whose  diameter  is  5  7 
7854 

25  *a  square  of  the  diameter. 

89270 

15708 


19*6850  as  the  answer. 

To  find  the  area  of  a  sector,  or  that  part  of  a  circle  which  is 
bounded  by  any  two  radii  and  their  included  arc. — Find  the  length 
of  the  arc,  then  multiply  the  radius,  or  half  the  diameter,  by  the 
length  of  the  arc  of  the  sector,  and  half  the  product  will  be  the 
area. 

If  the  diameter  or  radius  is  not  given,  add  the  squu^e  of  half  the 
chord  of  the  arc,  to  the  square  of  the  versed  sine  of  naif  the  arc ; 
this  sum  being  divided  by  the  versed  sine,  will  give  the  diameter. 

The  radius  AB  is  40,  and  the  chord  BC 
of  the  whole  arc  50,  required  the  area  of 
the  sector. 


80  -  ^/80*  -  50«      ^  „^^^ 

2 ^  8*7750  =  the  versed 

9ine  of  half  the  arc. 


80  X  60  -  8*7750  x  27  =  4568-0750 
the  reserved  number. 


2  X  v/8-7750  X  80  «  52*9906  « twice  the 
chord  of  half  the  arc. 

52-9906  X  8*7750  X  10       ^  .^_ .      i- x    ^^  ^.   .    -    .i;     ;;    ^ 
45gQ.075Q =*»  1-0190,  which  added  to  twice  the  chord 

of  hajf  the  arc  gives  54-0096  the  length  of  the  arc. 
64-0096  X  40  . 

And 2 *■  1080-1920  =  area  of  the  sector  required. 

As  360  is  to  the  degrees  in  the  arc  of  a  sector,  so  is  the  area  of 
the  whole  circle,  whose  radius  is  equal  to  that  of  the  sector,  to  the 
area  of  the  sector  required. 

For  a  semicircle,  a  quadrant,  &c.  take  one  half,  one  quarter,  &c. 
of  the  whole  area. 

The  radius  of  a  sector  of  a  circle  is  20,  and  the  degrees  in  its 
arc  22 ;  what  is  the  area  of  the  sector  ? 

Here  the  diameter  is  40. 

Eenccy  the  area  of  the  circle  «  40*  X  -7854  =  1600  X  -7854  « 
1256-64. 

Now,  860^  :  22<> : :  1256-64  ;  76-7947  -  area  of  the  sector. 
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To  find  the  area  of  a  segment  of  a  circle. — ^Find  the  area  of 
the  sector,  haying  the  same  aro  with  the  Begment,  by  the  last  pro- 
blem. 

Find  the  area  of  the  triangle  formed  by  the  chord  of  the  seg- 
ment, and  the  radii  of  the  sector. 

Then  the  sum,  or  difference,  of  these  areas,  according  as  the 
segment  is  greater  or  less'  than  a  semicircle,  will  be  the  area  re- 
quired. 

The  difference  between  the  versed  sine  and  radius,  multiplied  by 
half  the  chord  of  the  arc,  will  give  the  area  of  the  triangle. 

The  radius  OB  is  10,  and  the  chord  AC  10 ; 
what  is  the  area  of  the  segment  ABC  ? 

AC*       100 
CD  «=  -Q^  =■  -hq-  =  5  =  f Ae  ver$ed  sine    aa 

of  half  the  arc. 

20  X  60  -  6  X  27  =  1065  «  the  reserved 
number. 


10  X  2  X  6  >(  10        ^^^^        ,    , .      „  , 

1066     "^  '^^^^'  ^^^  ^^^  ^^^ 

to  twice  the  chord  of  half  the  arc  gives  20  "9390  «=  the  length  of  the  arc, 

20-9390    X    10  ,^,    ^^^^  ,     ,  r^.r.^ 

2 "=■  104-6950  =  area  of  the  sector  OACB. 

OD  as  00  =*  CD  =  6  the  perpendicular  height  of  the  triangle. 
"    AD  «  v/AO»  -  0D>  =  v/75  -  8-6603  «  ^  the  chord  of  the  arc. 
8-6608  X  5  «  43-3015  =  the  area  of  the  triangle  AOB. 
104-6950  —  43-3015  =  61-3935  =  area  of  the  segment  required; 
it  being  in  this  case  less  than  a  semicircle. 

Divide  the  height,  or  versed  sine,  by  the  diameter,  and  find  the 
quotient  in  the  table  of  versed  sines. 

Multiply  the  number  on  the  right  hand  of  the  versed  sine  by  the. 
square  of  the  diameter,  and  the  product  will  be  the  area. 

When  the  quotient  arising  from  the  versed  sine  divided  by  the 
diameter,  has  a  remainder  or  fraction  after  the  third  place  of  deci- 
mals ;  having  taken  the  area  answering  to  the  first  three  figures, 
subtract  it  from  the  next  following  area,  multiply  the  remainder  by 
the  said  fraction,  and  add  the  product  to  the  first  area,  then  the 
sum  will  be  the  area  for  the  whole  quotient. 

If  the  chord  of  a  circular  segment  be  40,  its  versed  sine  10,  and 
the  diameter  of  the  circle  50,  what  is  the  area  ? 
6-0)l;0 

•2  «  tabular  versed  sine. 
•111823  =  tabular  segment 
2500  «  square  of  50. 
56911500 
223646 
279-557500  =  area  required. 
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To  find  the  area  of  a  oireular  zone^  or  the  gpace  included  between 
any  two  parallel  chords  and  their  intercepted  arcs. — From  the 
greater  cnord  subtract  half  the  difference  between  the  two,  mul- 
tiply the  remainder  by  the  said  half  difference,  divide  the  product 
by  the  breadth  of  the  zone,  and  add  the  quotient  to  the  breadth. 
To  the  square  of  this  number  add  the  square  of  the  less  chord,  and 
the  square  root  of  the  sum  will  be  the  ^ameter  of  the  circle. 

Now,  having  the  diameter  EG,  and  the  two  chords  AB  and  DQ, 
find  the  areas  of  the  segments  ABEA,  and  DCED,  the  difference 
of  which  will  be  the  area  of  the  zone  required. 

The  difference  of  the  tabular  segments  multiplied  by  the  square 
of  the  circle's  diameter  will  give  the  area  of  the  zone. 

When  the  larger  segment  AEB  is  greater  than  a  semicircle,  find 
the  areas  of  the  segments  AGB,  and  DCE,  and  subtract  their  sum 
from  the  area  of.  the  whole  circle :  the  remainder  will  be  the  area 
of  the  zone* 

The  greater  chord  AB  is  20,  the  less  DO  15, 
and  their  distance  Dr  17| :  required  the  area 
of  the  zone  ABOD. 

20—  15 

— 2 a=  2*5  =  J  =  ^A«  difference  between 

the  chords. 

,^  ^       (20  -  2-5)  X  2-5       ,^  ,       ^  , 
17-5  +  ^^ jy:^ =  17-5  +  2-5  =« 

20  =  DF. 

And  v/20»  +  15*  =  v/625  =  25  =  the  diameter  of  the  circle. 

The  segment  AEB  being  greater  than  a  semicircle^  we  find  the 
versed  sine  of  DCE  =  2-5,  and  that  o/ AGB  «  5. 

2-5 
Hence  qc*  =  '100  =  tegular  versed  sine  of  DEC. 


5 
And^ 


•200  s=s  tabular  versed  sine  of  AGB. 

Now  '040876  x  25*  «  area  ofseg.  DEC  «  25-546875 
And  -111823  X  25*  =  area  ofseg.  AGB  =  69-889375 

sum  95-48625 
•7854  X  25*  «  area  of  the  whole  circle,  =  490-87500 
Difference  =  area  of  the  zone  ABCD  «  895-43875 

To  find  the  area  of  a  circular  ring,  or  the 
space  included  between  the  circumference  of 
two  concentric  circles. — The  difference  between 
the  areas  of  the  two  circles  will  be  the  area  of 
the  ring. 

Or,  multiply  the  sum  of  diameters  by  their 
difference,  and  this  product  again  by  -7854) 
and  it  will  give  the  area  required. 

The  diameters  AB  and  CD  are  20  and  15 :  required  the  area  of 
x2 
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the  circular  ring,  or  the  space  included  between  the  circumfe- 
rences of  those  circles. 


Here  AB  +  CD  X  AB  —  CD  =  35  X  5 « 175, andVl6  x  -7854  « 
137 '4460  =a  area  of  the  ring  required. 

To  find  the  areas  of  lunes^  or  the  spaces  between  the  intersecting 
arcs  of  two  eccentric  circles. — Find  the  areas  of  the  two  segments 
from  which  the  lune  is  formed,  and  their  difference  will  be  the 
area  required. 

The  following  property  is  one  of  the  most  curious : 

If  ABC  be  a  right  angled  triangle, 
and  semicircles  be  described  on  the  three 
sides  as  diameters,  then  will  the  said  tri- 
angle be  equal  to  the  two  lunes  D  and  F 
taken  together. 

For  the  semicircles  described  on  AC  and 
BC  «  the  one  described  on  AB,  from  each 
take  the  segments  cut  off  by  AC  and  BC,  then  will  the  lunes  AFCE 
and  BDCG  =  the  triangle  ACB. 

The  length  of  the  chord  AB  is  40,  the 
height  DC  10,  and  DE  4 :  required  the 
area  of  the  lun^  ACBEA. 

The  diameter  of  the  circle  of  which  ACB 
20*  +  10»        ,^ 
'  u  a  part  = jg —  =  50. 


And  the  diameter  of  the  circle  of  which  AEB  is  apart  «= r 

=  104.  * 

Now  having  the  diameter  and  versed  sines,  we  find. 

The  area  of  seg.  ACB  =  -111823  X  50«  =  279-5575 
And  area  of  seg.  AEB  =  -009955  X  104*  =  107-6733 
Their  difference  is  the  area  of  the  lune  \        irr-i  qqao 
AEBCA  required,  /  "=  171-«84J 

To  find  the  area  of  an  irregular  polygon,  or  a  figure  of  any 
number  of  sides. — ^Divide  the  figure  into  triangles  and  trapeziums, 
and  find  the  area  of  each  separately. 

Add  these  areas  together,  and  the  sum  will  be  equal  to  the  area 
of  the  whole  polygon. 

Required  the  area  of  the  irre- 
gular figure  ABCDEFGA,  the  fol- 
lowing lines  being  given : 
GB  =  30-5  An  « 11-2,  CO  «  6 
GD  =  29     Fj«ll      C«  =  6-6 
FD«24-8  E;>=4 

X  80-5  +  8-6  X  80-5  =  262-3  = 

area  of  the  trapezium  ABCG.  * 
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And  ^^  ^  ^*  X  GD  «  "^"^  "^  ^'^  X  29  =  8-8  x  29  =  255-2 - 

area  of  the  trapezium  GCDF. 

,,     FDxE©     24-8x4      99-2     ,^  ^  .,       .      , 

-4.W0, 2 =* 2 ~  ""2^"^         "^  area  of  the  triangle 

FDE. 

TF^ntf^  262-3  +  255-2  +  49-6  =  567-1  =  area  of  the  whole 
figure  required. 

DECIMAL  APPROXIMATIONS   FOR  FACILITATING  CALCULATIONS  IN 
MENSURATION. 


Tiineal  feet  multiplied  by 

•00019 

=: 

miles 

—      yards 

—  ^ 

•000568 

SB 

— 

Square  inches 

— 

•007 

= 

square  feet. 

—      yards 

— 

•0002061 

r    ,__ 

acres 

Circular  inches 

— 

•00546 

=a 

square  feet. 

Cylindrical  inches 

^ 

•0004546 

;  s 

cubic  feet. 

—             feet 

^- 

•02909 

=s 

cubic 

yards. 

Cubic  inches 

.... 

•00058 

s 

cubic  feet. 

—     feet 

— 

•03704 

» 

cubic 

yards. 

—      ^ 

— 

6-232 

as 

imperial  gallons. 

—     inches 

^. 

•003607 

ss 

— 

Cylindrical  feet 

— 

4-895 

= 

— 

—            inches 

— 

•002832 

s 

^- 

Cubic  inches 

_ 

•263 

8 

fi>s.  avs.  of  cast  iron 

— 

— 

•281 

= 

— 

wrought  do. 

— 

— 

•283 

S=5 

— 

steel. 

— 

— 

•3225 

== 

— 

copper. 

— 

— 

•3037 

= 

— 

brass. 

.... 

.... 

•26 

S 

— 

zinc. 



... 

•4108 

=r 

... 

lead. 

— 

— 

•2636 

8 

— 

tin. 

— 

— 

•4908 

ss 

— 

mercury. 

Cylindrical  inches 

— 

•2065 

= 

— 

cast  iron. 

— 

— 

•2168 

s= 

— 

wrought  iron. 

— 

.... 

•2223 

ss 

— 

steel.          • 

— 

— 

•2533 

8 

— 

copper. 

— 

.- 

•2385 

=s 

— 

brass. 

1 

.... 

•2042 

ss 

.. 

zinc. 

_ 

... 

•3223 

=s 

— 

lead. 

... 

.. 

•207 

ss 

— 

tin. 

— 

— 

•3854 

= 

— 

mercury. 

Avoirdupois  fts. 

— 

•009 

= 

cwts. 

_ 

-.— 

•00045 

s 

tons. 

183-346  circular  inches 

:s 

1  square  foot. 

2200  cylindrical  inches 

:s 

1  cubic  foot. 

French  metres  X  3-281 

s=s 

feet. 

—     kilogrammes  X  2-205 

« 

avoirdupois  lb. 

—     grammes  X 

•002205 

= 

avoirdupois  lbs. 

^^ 
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Diameter  of  a  sphere  X  '806    »  dimensions  of  equal  cube. 

Diameter  of  a  sphere  X  '6667  —  length  of  equal  cylinder. 

Lineal  inches  X  '0000158         «=  miles. 

A  French  cubic  foot  =  2098-47  cubic  inches. 

Imperial  gallons  X  '7977  *=  New  York  gallons. 

The  average  quantity  of  water  that  falls  in  rain  and  snow  at 
Philadelphia  is  86  inches. 

At  West  Point  the  variation  of  the  magnetic  needle,  Nov.  16th, 
1889,  was  7°  68'  27"  West,  and  the  dip  73°  26'  28". 


DECIMAL  EQUIVALENTS   TO  FRACTIONAL  PARTS   OF  LINEAL 
MEASURES. 


One  inch,  the  integer  or  whole  number. 

•96875       J  +  A 

•625           f 

•28125       J  +  A 

•9375         4  +  A 

•59375       J  +  A 

•25             J 

•90625       i  +  A 

•6625         i  +  A 

•21875       1  +  A 

•875      5  i 

•63125  2  1  +  A 

•1875    5  i  +  A 

•84375  -3  }  +  A 

•5          -3  i 

•15626  -3  i  +  A 

•8125     |}  +  A 

•46875  1  i  +  A 

•125      1 J 

•78125  *  f  +  A 

•4375     :  1  +  A 

•09375  *          A 

•75         S  } 

•40625  S  1  +  A 

•0625     S          A 

•71875       1  +  A 

•375           1 

•03126              A 

•6875         f  +  A 

•34375       i  +  A 

•65625       j  +  A 

•3126         i  +  A 

One  foot,  or  12  inches,  the  integer. 

•9166  -  11  inches. 

•4166    -  5  inches. 

•0626    -  i  of  in. 

•6338::  10     — 

•8333 ::  4  — 

•05208  -  4    — 

•75     1    9     - 

•25        §  3    — 

•04166  g  1    — 

•6666  S"  8     — 

•1666    r2    — 

•03125  S"!   — 

•6833  2    7     — 

•0883    £  1    — 

•02083  g  }    — 

•5        3    6     — 

•07291  *  1    — 

•01041  *  J    — 

One  yard,  or  36  inches,  the  integer. 

•9722      35  inches. 

•6389      23  inches. 

•3055      11  inches. 

•9444      34     — 

•6111      22     — 

•2778      10     — 

•9167      83     — 

•6833      21    — 

•25            9     — 

•8889  o  32     — 

•5556  o  20     — 

•2222  o    8     — 

•8611::  31     — 

•5278::  19     — 

•1944::    7     — 

•8333  g  30     — 

•5        §  18    — 

•1667  §    6     — 

•8056  5*29     — 

•4722  S^  17     — 

•1389  r  5     — 

•7778  £  28     — 

•4444  £  16     — 

•1111  £    4     — 

•75      •»  27     — 

•4167  *  15     — 

•0833  *    3     — 

•7222      26     — 

•3889      14     — 

•0555        2     — 

•6944      25     — 

•3611      13     — 

•0278        1     — 

•6667      24     — 

•3383      12     — 

Tahh  containing  the  CireumfereneeB^  Squares,  OubeSj  and  Areas  of 
OircleSj  from  1  to  100,  advancing  by  a  tenth. 


Dim 

Clicw 

Sq»r. 

CbIm. 

Arm 

Diam. 

CircuL 

Sqmm 

Cube. 

Ana. 

1 

8i4ie 

1 

1 

-7854 

9 

28-2744 

81 

720 

63-6174 

•1 

8-4*57 

1-21 

1-381 

•9503 

-1 

28-5885 

82-81 

753-571 

650389 

•2 

S-7699 

1-44 

1-728 

11309 

•2 

28-90-27 

84-61 

778-688 

66-4762 

•3 

4-0840 

1-60 

2-197 

1-3273 

•3 

29-2168 

86-49 

804-357 

67-9-292 

•4 

43882 

1-96 

2-744 

1-5303 

•4 

29-6310 

88-36 

830-584 

69-3979 

•5 

4-7124 

2-26 

8-375 

1-7671 

-6 

29-8452 

90  25 

857-375 

70-8823 

•6 

6H)265 

2-56 

4-096 

2-0106 

•6 

80-1593 

9216 

884786 

723824 

•7 

6  3407 

2-89 

4-913 

2-2608 

•7 

80-4736 

94-09 

912-673 

73-8982 

•8 

6-W48 

8-24 

6-832 

2-6446 

•8 

80-7876 

96-04 

941192 

75-4298 

•9 

6-0600 

3-61 

6-859 

2-8352 

-9 

81-1018 

98-01 

970-209 

76-9770 

2 

6-2ftt2 

4 

8 

81416 

10 

81-4160 

100 

1000 

785400 

•1 

6-6978 

4-41 

9-:61 

8-4636 

-1 

81-7301 

102-01 

1030-301 

801186 

•2 

6-9115 

4-84 

10-648 

8-8013 

•2 

820443 

104-04 

1061-208 

81-7130 

•8 

7-2256 

6-29 

12167 

41647 

•8 

82-8580 

106-09 

1092-7-27 

83-3280 

•4 

7-5398 

6-76 

13-8-24 

4-5230 

•4 

82-6726 

108-16 

1124-864 

84  9488 

•6 

7-8540 

6-28 

15-625 

4-9087 

-6 

82-9868 

110-26 

1157-626 

86  6903 

•6 

8-1681 

6-76 

17-576 

6-3003 

•6 

83-3009 

112-36 

1191-016 

88-2476 

•7 

8-4823 

7-29 

19-683 

6-7255 

•7 

88  6161 

114-49 

1225  043 

89-9204 

•8 

8-7964 

7-84 

21-952 

6-1675 

-8 

83-9282 

116-64 

1269-712 

91-6090 

•« 

9-1106 

8-41 

24-389 

6-6052 

•9 

84-2434 

118-81 

1205  029 

93-3183 

8 

9-4248 

9 

27 

7-0686 

11 

84-6576 

121 

1831 

96-0334 

•1 

9-7889 

9-61 

90-791 

7-5476 

•1 

84-8717 

123-21 

1867-631 

96-7691 

•« 

10-0631 

10-24 

82-768 

80424 

•2 

85-1869 

125-44 

1404-928 

98-6-206 

•S 

10-8672 

10-89 

85-937 

8-6530 

•8 

86-6010 

127-69 

1442-897 

100-2877 

•4 

10-6814 

11-66 

89-304 

9H)792 

•4 

85-8142 

129-96 

1481-544 

102-0706 

•5 

10-9956 

1226 

42-876 

9-6211 

•6 

861284 

18-2-25 

16-20-876 

1038691 

-9 

118097 

12-96 

46-656 

10-1787 

•6 

86-4425 

131-56 

1660-896 

105-6834 

•1 

11-6239 

13-69 

60-663 

10-7521 

-7 

86-7567 

136-89 

1601-613 

107-5134 

•8 

11-9380 

1444 

64-872 

11-3411 

-8 

870708 

189-24 

1643032 

100-8590 

•9 

12-2622 

16-21 

69-319 

11-9459 

•9 

87-3840 

141-61 

1685169 

111-2204 

4 

12-6664 

16 

64 

12-5664 

12 

87-6992 

144 

1728 

118-0976 

•1 

12-8806 

16-81 

08-921 

132026 

•1 

38-0133 

146-41 

1771-561 

114-9904 

•2 

13-1947 

17-64 

74-088 

13-8544 

•2 

88-3275 

148-84 

1815-848 

1168989 

•3 

13-5068 

18-49 

79-507 

14-5220 

•Z 

88-6416 

151-29 

1860-867 

118  8281 

*4 

18-8230 

19-36 

86184 

16-2053 

•4 

88-9558 

163-76 

1906-624 

120-7631 

•6 

14-1372 

90-25 

91125 

15-9043 

•6 

89-2700 

166-26 

1963-r26 

122-7187 

t 

14-4613 

S116 

97-336 

16-6100 

•6 

89-6841 

168.76 

2000-376 

124-6901 

■7 

14-7665 

2209 

103-823 

17-3494 

•7 

89-8983 

161-29 

2048  383 

126-6771 

•8 

16-0796 

23-04 

110-502 

18-0956 

•8 

40-2124 

163-84 

2097162 

128  6799 

•» 

15-8938 

24-01 

117-649 

18-8574 

•9 

40-5266 

166-41 

2146689 

130-6984 

ft 

16-7080 

26 

126 

19-6360 

IS 

40-8408 

169 

2197 

132-7326 

•1 

16-0221 

86-01 

182-661 

80-4282 

•1 

41-1649 

171-61 

2248-001 

1347824 

•2 

16-8363 

27-04 

140-608 

21-2372 

•2 

41-4691 

174-24 

2209-968 

1368480 

■8 

16-6604 

28-09 

148-877 

22-0618 

•8 

41-7832 

176-89 

2362-637 

188^294 

•4 

16^46 

29-16 

167-461 

22-9022 

•4 

420974 

179-56 

2406104 

141-0261 

•6 

17-2788 

80-26 

166-876 

23-7683 

-6 

42-4116 

182-26 

2160-875 

143-1391 

•« 

17-5029 

81-86 

175-616 

24-6301 

•6 

42-7257 

184-96 

2615-456 

145-2675 

•7 

17-9071 

8249 

185-193 

86-6176 

•7 

43-0399 

187-69 

2571-853 

147-4117 

•8 

18-2212 

83-61 

196112 

26-4208 

•8 

43-3540 

190^4 

2628-072 

1496715 

■9 

18-5354 

84-81 

205-379 

27-8897 

-9 

43-6682 

193-21 

2086-619 

161-7471 

6 

18-8496 

86 

216 

28-2744 

14 

439824 

196 

2744 

153-9384 

•1 

19-1637 

87-21 

226-981 

29-2247 

•1 

44-2965 

198-81 

2803-221 

1661468 

•2 

19-4779 

88-44 

238-828 

80-1007 

•2 

44-6107 

201-64 

2863-288 

158-3680 

•8 

19-7920 

89-69 

250i>47 

8117-25 

•8 

44-9248 

204-49 

2921-207 

1606064 

•4 

20-1062 

40^ 

262-144 

82-1699 

•4 

46-2300 

207-86 

2086-984 

162-8605 

■6 

20-4204 

42-25 

274-626 

831831 

•6 

45-5532 

210-26 

8048-625 
8112-18^ 

165-1308 

•6 

20-7316 

48-66 

887-496 

84-2120 

•6 

46  8073 

21816 

167-4158 

•7 

21-0487 

44-89 

800768 

85-2566 

•7 

46-1815 

216-09 

8176-628 

169-7179 

•8 

21-8628 

46-24 

814-482 

86-8168 

•8 

46-4966 

219i)4 

8241-792 

172-0340 

■9 

21-6770 

47-61 

828-609 

87-8928 

-9 

46-8098 

222-01 

8307-949 

174-3666 

7 

21-9912 

49 

843 

88-4846 

16 

471240 

226 

8376 

176-7160 

•1 

22-8063 

60-41 

867-911 

89-5920 

4 

47-4381 

228-01 

aU2-961 

170-0790 

•2 

22-6196 

61-84 

878-248 

40-7151 

•2 

47-7523 

23104 

8611-808 

181-4688 

•S 

22^386 

63-29 

889-017 

41-8630 

•3 

48-0664 

284-09 

8581-577 

183-8642 

•4 

23-2478 

64-76 

405-224 

430086 

•4 

48-3806 

28716 

8662-264 

186-2664 

•6 

23-5620 

66^ 

421-875 

44-1787 

•6 

48-6048 

240-26 

8728  876 

188-6923 

•6 

23-8T61 

67-76 

488-976 

46  8647 

•6 

49-0089 

243-86 

8796-416 

191-1349 

•7 

24-1903 

69  20 

456-533 

465663 

-7 

49-3231 

246-49 

8869-893 

193-5932 

•8 

24-5044 

60-84 

474-562 

47-7837 

•8 

49-6372 

249-64 

8944-312 

106-0672 

•9 

24-8186 

62-41 

493K)80 

49^168 

-9 

49-9514 

26281 

4019-679 

198-5669 

8 

25-13-28 

61 

612 

60-2666 

16 

50-2656 

266 

4006 

201-0624 

•1 

26-4460 

65-61 

631-441 

61-6800 

•1 

606797 

269-21 

4178-281 

203-5835 

•2 

26-7611 

67-24 

651-368 

62-8102 

•2 

60-8039 

262-41 

4261-528 

206-1209 

•8 

20H)752 

66-89 

571-787 

64-1062 

•3 

61-2080 

265  69 

4330-747 

208-6723 

•4 

2«i-3894 

70-56 

692-704 

55-4178 

-4 

61-5224 

268-96 

4410-014 

2111411 

•6 

26-7036 

72-25 

614125 

68-7451 

-5 

61-8364 

272-25 

44021-25 

213-8261 

•« 

27-0177 

73-96 

636-056 

680881 

-6 

62-1505 

276-66 

4674-206 

216-4248 

•7 

27-3319 

75-69 

658-503 

69-4469 

-7 

52-4647 

278-89 

4657-463 

2190402 

•8 

27-64«0 

77-44 

681472 

60-8213 

•8 

52-7788 

282-21 

4741-632 

221-6712 

•ft 

27-060-i 

79-21 

704  969 

62-2115 

•9 

530030 

285-61 

4826  809 

224-8180 

67 


i^ 


58 


THB  PBACTICAL  MODEL  CALCULATOE. 


DiUB. 

Ctrenm. 

Sqwjv. 

Cube. 

Area. 

Dam. 

CJKUBL 

Sqn^ 

Cube. 

Amu 

17 

63-4072 

289 

4913 

226-9806 

25 

78-6400 

6*26 

16026 

400-8760 

•1 

63-7213 

292-41 

6000-211 

2-29-6588 

•1 

78-8641 

630O1 

15813-261 

404-8008 

•2 

64-0365 

296-84 

6088-448 

232-3527 

•2 

79-1683 

636-04 

16003-008 

498-7604 

•3 

64-3490 

299-29 

6177-717 

235-06-23 

•8 

79-4824 

640-09 

16194-277 

502-7280 

•4 

64-6038 

802-76 

6268-024 

237-7877 

•4 

79-7966 

646-16 

16387-064 

606-7086 

•6 

64-9780 

806-26 

6369-376 

2405287 

•6 

80-8108 

660-25 

16681376 

610-7063 

•6 

66-2921 

309-76 

6461-776 

243-2856 

•6 

80-4249 

666  36 

16777-216 

614-7196 

•7 

66-6003 

813-29 

6546-233 

2460679 

•7 

80-7391 

660-49 

16974693 

618-7488 

•8 

66-9204 

316-84 

6639-752 

248  8461 

•8 

81-0632 

666-64 

17173-612 

622-7936 

•9 

66-2346 

820-41 

6736-339 

251-6600 

•» 

81-3674 

67081 

17878-979 

620-8541 

18 

66-5488 

3-24 

6832 

264-4696 

26 

81-6816 

676 

17676 

680i»8O4 

•1 

66-8629 

827-61 

6929-741 

257-3048 

•1 

81-9976 

681-21 

17779-681 

636-0223 

•2 

671771 

831-24 

6028-668 

260-1668 

•2 

82-3099 

686-44 

17984-728 

689*1299 

•3 

67-4912 

334-89 

6128-487 

263^226 

•8 

82-6240 

691-69 

18191-447 

643-2683 

•4 

67-8054 

338-66 

6229-504 

265.9050 

•4 

82-9382 

696-96 

18399-744 

647-3923 

•6 

681196 

84226 

6331-626 

268-8031 

•6 

83-2624 

702-26 

18609-626 

661-6471 

•6 

68-4337 

846-96 

6434-856 

271-7169 

•6 

83-6666 

707-66 

18821-096 

665-7176 

•7 

68-7479 

349-69 

6539-203 

274-6465 

■7 

83-8807 

712-89 

19034-163 

669-9038 

•8 

6906-20 

853-44 

66U-672 

277-6917 

•8 

841948 

718-24 

19248-832 

664-1066 

9 

69-3762 

367-21 

6761-269 

280-56-27 

•9 

84-6090 

7*23-61 

19466-109 

668-3232 

19 

69-6904 

861 

6859 

283-6294 

27 

84-8232 

729 

19683 

672-5666 

•1 

60-0046 

364-81 

6967-871 

286-5217 

•1 

86-1373 

734-41 

19902-611 

670-8056 

•2 

60-8187 

368-64 

7077-888 

289-6298 

•2 

86-4616 

739  84 

20123-648 

681-0703 

•3 

60  6328 

372.49 

7189057 

2925630 

•3 

86-7666 

746  29 

20346-417 

685-36a7 

4 

60-9470 

376.36 

7301-384 

2965931 

•4 

86-0798 

76076 

20570  824 

689-6460 

•5 

61-2612 

380-26 

7414-876 

298-6483 

•6 

86-3940 

766-26 

20796-875 

693-9587 

•6 

61-6763 

384-16 

76-29-636 

301-7192 

•6 

86-7081 

761-76 

21024-576 

698-2863 

•7 

61-8895 

388-09 

7645-373 

304-8060 

•7 

87-0'223 

767-29 

21263-933 

602-6295 

•8 

6-2-2036 

392-04 

776-2-392 

807-9082 

•8 

87-3364 

772-84 

21484-952 

606-9885 

•9 

6261T8 

396-01 

7880-599 

811-0262 

•9 

87-6606 

778-41 

21717-639 

611-3032 

20 

62-8320 

400 

8000 

8141600 

28 

87-9648 

784 

21962 

616-7636 

•1 

63-1461 

404-01 

8120-601 

317-3094 

•1 

88-2789 

789-61 

22188-041 

620-1596 

•2 

63-4003 

408  04 

8242-408 

320-4746 

•2 

88-5931 

795-24 

22426-768 

624-5814 

•3 

63-7744 

412-09 

8365-427 

3-23-6554 

•3 

88-9072 

800-89 

22665-187 

629-0190 

•4 

640886 

41616 

8489-664 

3-26-8620 

•4 

89-2-214 

806-66 

22906-304 

633-4722 

•6 

64-4028 

420-26 

8615-125 

3300643 

•6 

89-5366 

81226 

23149126 

637-Wll 

•6 

W-7161 

424-36 

8741-816 

333-2923 

•6 

89-8497 

817-96 

23393-656 

642*4257 

•7 

65-0311 

4-28-49 

8869-743 

336-5360 

•7 

901639 

8'23-U9 

23639-903 

646-9261 

•8 

65-3452 

432-C4 

8998-912 

339  7954 

•8 

90-4780 

8-2944 

23887-872 

661-44-21 

•9 

65-6594 

436-81 

91-29-329 

843-0705 

•9 

907922 

836-21 

24137  669 

665-9739 

21 

65-9736 

441 

9261 

346-3614 

20 

91-1064 

841 

24389 

6605214 

•1 

66-2870 

446-21 

9393-931 

849-6679 

-1 

91-4206 

846-81 

24642-171 

666-0846 

•2 

66-6012 

449-44 

9628  128 

362-9901 

•2 

91-7847 

852-64 

24897-088 

660-6634 

■8 

66-7916 

463-69 

9063  697 

366-3-281 

•8 

92^)488 

858-49 

26153-757 

674-2580 

•4 

67-2930 

457-96 

9800-:m 

369-6817 

•4 

92-3630 

864-36 

25412-184 

6788683 

•6 

67-5414 

462-26 

9938-376 

863  0511 

•6 

92-6772 

870-25 

25072-376 

683-4043 

•6 

67-8585 

466-56 

10077-696 

366-4362 

•6 

92  9913 

876-16 

25934-336 

688-1360 

•7 

681727 

470-89 

10218-313 

869-8370 

•7 

93-3055 

88209 

26198-073 

6027934 

•8 

68-4808 

47524 

10300-232 

3732634 

•8 

93-6196 

888  04 

2^03-592 

697-4606 

•9 

68-8010 

479-61 

10503-459 

376-6856 

•9 

93-9338 

894-01 

26730-899 

702-1564 

22 

691152 

484 

10648 

380  1336 

30 

94-2480 

900 

27000 

706-8600 

•1 

694-293 

488-41 

10793-861 

883  5972 

•1 

94-6621 

906-01 

27270-901 

711-5802 

•2 

69.7436 

492-84 

10941-048 

387-0765 

•2 

94-8763 

91-204 

27543  608 

7163162 

•3 

70-0576 

497-29 

11089-567 

890-5751 

•3 

96-1904 

91809 

27818-127 

721-0678 

•4 

70-3718 

601-76 

11239-424 

8940823 

•4 

95-5046 

9-24-16 

28094-464 

725-8352 

•6 

70-(J860 

606-25 

11390-625 

397-6087 

-6 

96-8188 

930  25 

28372-6-25 

730-6183 

•6 

710001 

610-76 

11543-176 

401-1609 

•6 

96-1329 

936-36 

28^^52-616 

7364171 

•7 

71-3143 

615-29 

11697  083 

404-7087 

•7 

96-4471 

942-49 

•28934-443 

740-2316 

•8 

71-6-284 

619-84 

11852-352 

408-2823 

•8 

96-7612 

948-64 

2^*218-112 

745-0618 

•9 

71-9426 

624-41 

12008-989 

411-8716 

•9 

97-0754 

954-81 

29503-029 

749  9077 

23 

72-2668 

629 

12167 

415-4766 

81 

97  3896 

961 

29791 

7547604 

•1 

72-6709 

633-61 

123-26-391 

419-0972 

•1 

97-7037 

967-21 

30080-231 

759-6467 

•2 

7-2-8851 

638-24 

12487-168 

422-7336 

•2 

980179 

973-44 

30371-328 

764-5397 

•3 

73-1992 

642-89 

12049-337 

426-3858 

•3 

98  3320 

979-69 

30664-297 

769-4485 

•4 

73-5134 

647-58 

12812-904 

430-0536 

•4 

98-6452 

985-96 

30959144 

774-3729 

•6 

73  8-276 

652-25 

12977-875 

433  7371 

•5 

98-9604 

992  26 

31255-875 

779-3131 

•6 

741417 

656-96 

13144-256 

437-4363 

•6 

99-2745 

998-66 

31554-496 

784-2689 

•7 

74-4559 

661-69 

1331-2-053 

441-1511 

•7 

99-5887 

1004-89 

31855-013 

789-2406 

•8 

74-7680 

666-44 

13481-272 

444-8819 

•8 

99-9028 

101124 

32157-432 

794-2278 

•9 

760882 

671-21 

13651-919 

448-6283 

•9 

100-2170 

1017-61 

32461-769 

799-2308 

24 

75-3984 

676 

13824 

452-3904 

32 

100-5312 

1024 

82768 

804-2496 

•1 

75-7126 

680-81 

13997-641 

456-1681 

•1 

100-8453 

1030-41 

33076-161 

809-2840 

•2 

76-0267 

685-64 

14172-488 

459-9616 

•2 

101-1696 

1036  84 

38886-248 

814-3341 

•3 

76-3408 

690-49 

14348-907 

463-7708 

•8 

101-4736 

1043  29 

33«98-267 

819-3999 

•4 

76-662 1 

690-36 

14526-784 

467-5967 

•4 

101-7478 

1049-76 

340122-24 

824-4815 

•6 

76-9692 

600-25 

14700-125 

471-4363 

•6 

102-10'20 

1056-25 

34328-1-25 

829-5787 

•6 

77-2833 

605-16 

14886-936 

47529-26 

•6 

10-2-4161 

106276 

34046-976 

834-6917 

•7 

77-6JJ75 

61009 

15069-223 

4791046 

-7 

102-7303 

1069-29 

34966-7S3 

839-8203 

•8 

77-9116 

615  04 

1^2520'J2 

48:}-0524 

•8 

1030444 

1075-84 

35-2.S7-552 

844-9647 

•9 

78-2-258 

620-01 

16438-249 

4869568 

•9 

103-3586 

108241 

35611-289 

8501248 

CISCLSS,  ADTANCnra  BT  A  TSNTH^ 
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Dim. 

CfaeoB. 

8qi«i«. 

Cabfr 

Am. 

Dam. 

ClRtiin.        Sqwra 

C»b8. 

Am. 

83 

103*8728 

1080 

36937 

866-8006 

41 

128-8066    1681 

68921 

1820-2674 

•1 

108-9S60 

1095*61 

86264-691 

860-4920 

•1 

1291197 

1689-21 

69426-631 

1326-7066 

•J 

1043011 

1102*24 

36694-368 

865-6992 

•2 

129-4323 

1697-44 

69934-528 

13331693 

•3 

104-6161 

1108-89 

86926-037 

870-9222 

-8 

129-7480 

1706-69 

70444-997 

1339-6489 

•A 

104-92M 

1116-66 

87259-704 

8761608 

-4 

130-0622 

1713-96 

70957-944 

13461441 

•& 

106-2436 

1122-26 

87696-376 

881-4151 

•6 

180-3764 

1722-26 

71473-376 

1352  6661 

•«    105-6677 

1128-96 

87933-056 

886-6851 

*6 

130-6905 

1730-56 

71991-296 

1359-1818 

•7     105-8719 

1136-69 

88272-753 

891*9709 

•7 

13100*7 

1738-89 

72611-713 

1366-7242 

•8    10«-1860 

1142-44 

88614-472 

897-2723 

•8 

131-3188 

1747-24 

73034-632 

1372-2822 

•9    106'6002 

1149-21 

38958-219 

902-6895 

-9 

131-6320 

1765-61 

73660-069 

1378-8560 

U 

100-S144 

1156 

89304 

907-9224 

42 

131-9472 

1764 

74088 

1385-4456 

•1 

1071286 

1162-81 

89661-821 

913-2709 

■1 

132-2613 

1772-41 

74618-461 

1392-0508 

•2 

107-4272 

1169-64 

40001-688 

918-6362 

•2 

132-6766 

1780-84 

76151-448 

1398-6717 

•8 

107-7568 

1176-49 

40353-607 

924-0116 

•8 

132-8896 

1789-29 

76t580-967 

1405-3083 

•A 

108-0710 

1183-86 

40707-584 

929-4109 

•4 

183  2038 

179776 

76226-024 

1411-9607 

•6 

IOS'3862 

U90-26 

41063-625 

934-8223 

•6 

133-6180 

1806-25 

76765-626 

1418-6287 

•6 

108-6093 

1197-16 

41421-736 

940-2494 

•6 

133-8321 

1814-76 

77308  776 

1425-3126 

^ 

10»H»52 

1204-09 

41781-923 

946-6922 

*7 

134-1463 

1823-29 

77854-488 

1432-0119 

•8 

109-3076 

1211-04 

42144-192 

9511608 

•8 

134-4604 

1831-84 

78402-762 

1438-7271 

•9 

109-6418 

1218-01 

42608-649 

066-6260 

•9 

134-7746 

1840-41 

78958-689 

1445-4580 

35 

100^600 

1225 

42875 

962-1160 

43 

135-0888 

1849 

79607 

1452-2046 

•1 

110-2701 

123201 

43243-561 

967-6206 

•1 

136-4029 

1867-61 

80062-991 

1468-9668 

•2 

110-684:1 

1239-04 

43614-208 

9731420 

•2 

135-7171 

1866-24 

80621-568 

1465-7448 

•3 

110'8084 

1246K)9 

43986-977 

978-6790 

•3 

1360332 

1874-89 

81182-737 

1472-6386 

•4 

111-2126 

126316 

44361-864 

984-2318 

•4 

136-3464 

1883-66 

81746-604 

1479-3480 

•b 

111-5268 

1260-26 

44738-876 

989-8003 

•6 

136-6596 

1892-26 

82312-875 

1486-1731 

•« 

111-8409 

1267-36 

45118-016 

996-3846 

•6 

186-9787 

1900-96 

82881-866 

14930139 

•7 

112>I561 

1274-49 

45499-293 

1000-9843 

•7 

137-2879 

1909  69 

83463-453 

1499-8706 

•8 

112-4692 

1281-64 

46882-712 

1006-60U0 

•8 

187-6020 

1918-44 

84027-672 

1506-7427 

•9 

1127834 

12S8-81 

46268-279 

1012-2318 

•9 

137-9162 

1927-21 

84604-619 

1513-6287 

36 

113i)976 

1296 

46656 

1017-8784 

44 

138-2304 

1936 

86184 

1520-5344 

•1 

113-4117 

1303-21 

47046-831 

1023-6411 

•1 

188-5446 

1944-81 

86766121 

1527-4637 

•2 

113-7259 

1310-44 

47437-928 

1029-2195 

•2 

138-8587 

1953-64 

86350-888 

1634-3888 

•8 

1140400 

1517-69 

47832147 

1034-9131 

*8 

139-1728 

1962-49 

869:i8-307 

1541-3396 

•4 

114-3542 

1324-96 

48228-544 

1040-6235 

•4 

139-4870 

1971-36 

87528-384 

1548  3061 

•6 

114-6684 

1332-26 

4862712& 

1046-3491 

-6 

139-8012 

1980-26 

88121-125 

1565-2883 

■6 

114-9825 

1339-66 

49027-896 

1052O9O4 

•6 

140-1153 

1989-16 

88716-586 

1562  28G2 

-7 

115-2M7 

1346-89 

49430-863 

1057-8474 

•7 

140-4296 

1998-09 

89314-623 

1669-2998 

•8 

115-6108 

^1364-24 

49836-032 

1063-6200 

•8 

140-7436 

2007-04 

89915-392 

1676-3292 

•9 

115-9250 

1361-61 

60-243-409 

1069-4084 

•9 

141-0678 

201601 

90518-849 

1583-3742 

37 

116-2392 

1369 

60653 

1076-2126 

45 

141-3720 

2026 

91126 

1690-4860 

•1 

116-5533 

1376-41 

61064-811 

1081-0324 

•1 

141-6861 

2034-01 

91733  861 

1597-6114 

-2 

116-8675 

1383-84 

51478-848 

10868679 

•2 

1420003 

2043-04 

92846-408 

1604-6036 

•8 

1171816 

1391-29 

61896-117 

1092-7191 

•8 

142-3144 

206209 

92969-677 

1611-7114 

4 

117-4958 

1398*76 

62313-624 

1098-6862 

•4 

142-6286 

2061-16 

98576-664 

1618-8350 

•6 

117-8100 

1406-25 

62734-376 

1104-4687 

•6 

142-9428 

2070-25 

94196-376 

1626-9743 

■« 

118-1241 

1413-76 

63157-876 

1110-3671 

•6 

143-2569 

2079-36 

94818-816 

1633-1293 

^ 

118^43S3 

1421-29 

63582-633 

1116-2811 

*7 

143-5711 

2088-49 

95443-993 

1640-3020 

•8 

118-7524 

1428-84 

64010-162 

1122-2109 

•8 

143-8852 

2097-64 

96071-912 

1647-4864 

•9 

119^)666 

1436-41 

64439-939 

1128-1664 

•9 

144-1994 

2106-81 

9b702-579 

1654-6886 

88 

119-3808 

1444 

64872 

11341176 

46 

144-5136 

2116 

97386 

1661-9064 

•1 

119-6949 

1451-61 

65306-341 

1140-0946 

•1 

144-8277 

2126-21 

97972-181 

1669-1399 

•2 

120H)091 

1469^ 

66742-968 

U46-0870 

•2 

1451419 

2134-44 

98611-128 

1676-3891 

•8 

120^232 

1466-89 

56181-887 

1162-0964 

•8 

146-4560 

2148-69 

99252-847 

1683  6541 

•4 

120-6374 

1474-56 

66623104 

11681194 

•4 

146-7702 

2162-96 

99897-344 

1690-9847 

•5 

120-9516 

1482-25 

67066-625 

11641591 

•6 

146-0844 

2162-25 

100544-626 

1698-2311 

•6 

121-2657 

1489-96 

67612-466 

1170-2146 

*6 

146-3986 

2171-66 

101194-696 

1706-6432 

•7 

121-5:99 

1497-60 

67960  603 

11762867 

•7 

146-7127 

2180-89 

101847-663 

1712  8710 

•8 

121-8940 

1506-44 

68411-072 

1182-8725 

•8 

147-0268 

2190-24 

102503-232 

1720-2144 

■9 

122-2082 

1513-21 

68863-869 

1188-4661 

•9 

147-8410 

2199-61 

103161-709 

1727-6736 

38 

122-5224 

1521 

69319 

1294-6394 

47 

147-6562 

2209 

103823 

1734-9486 

•1 

1228365 

1528-81 

69776471 

1200-7273 

•1 

147-9693 

2218-41 

104487-111 

1742-3392 

•2 

123-1607 

1636-64 

60236-288 

1206-8770 

•2 

148-2835 

2227-84 

105164-048 

1749-7456 

•3 

123*4648 

1544-49 

60698-467 

12130424 

•8 

148-6976 

2287*29 

106823-817 

1757-1675 

•4 

123-7790 

1552-36 

61162-984 

1219*2243 

•4 

148-9118 

2246-76 

106496-424 

1764-6046 

•6 

1240932 

1560-26 

61629-875 

1226-4203 

•6 

149-2260 

2266-26 

107171-875 

17720587 

•« 

124-4073 

1568-16 

62099-136 

1231-6328 

•6 

149-5361 

2266-76 

107860-176 

17795279 

•7 

124-7216 

1576-09 

62670-773 

1237-8610 

*7 

149-8643 

2276-29 

108631-333 

1787-0127 

•8 

126-0356 

1584-04 

63044-792 

12441210 

*8 

160-1684 

2284-84 

109215-352 

1794-5133 

•9 

1^3498 

1592-01 

63521-199 

1250-3646 

•9 

160-4826 

2-294-41 

109902-239 

1802-0296 

40 

125-66M 

1600 

64000 

1256-5400 

48 

160-7968 

2304 

110592 

1809-5616 

•1 

125-9781 

1606-01 

64481-201 

1262-9310 

•1 

151-1109 

2313-61 

111284-641 

1817-1092 

•2 

1616^)4 

64964-808 

1269-2388 

-2 

161-4251 

2323-24 

111980-168 

1824-0726 

•8 

126-6064 

1824-09 

66460-827 

1275-8602 

•8 

151-7392 

2382-89 

112678-587 

18.T2-2518 

•4 

126^9206 

163216 

65939-264 

1281-8984 

•4 

152-0534 

2342-56 

113379-904 

1839-8466 

•5 

127-2348 

1640-25 

66430126 

1288-2623 

•6 

162-3676 

2362-26 

114084125 

1847-4671 

•6 

127-645J9 

1648-36 

66923-416 

1294-6219 

•6 

152-6817 

2361-96 

114791-256 

1855-0833 

•7 

127-S631 

1656-49 

67419143 

1301-0071 

•7 

162-9959 

2371-69 

115501-303 

186'2-7263 

•8 

12S1772 

1664-64 

67917-312 

1307-4082 

•8 

153-3100 

2;J81-44 

110214-272 

1870-38-29 

lJL 

128-4914 

1672-81 

68417-929 

1313-8249 

•9 

153-6242 

2391-21 

116930169 

18780663 

60 
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DiMB- 

CtrcniiL 

Sqimm. 

Cabfc 

Arak. 

Diun. 

Clicaa. 

8q«u^ 

Cuba. 

Ana. 

49 

153-M84 

2401 

117649 

18867464 

67 

179-0712 

3249 

186103 

2651-7646 

•1 

154-2625 

2410-81 

118;?70-771 

1893  46«U 

-1 

1793863 

3-260-41 

186169-411 

26»;0-72fO 

•2 

154-5667 

2420-64 

119095-488 

1901-1706 

•2 

179-6995 

3271-84 

187149-24S 

25C9-70S1 

•3 

164-8808 

2430-49 

119823157 

1908-9068 

-8 

180O136 

3283-29 

188132-517 

2578-0960 

•4 

1551960 

2440-36 

120558-784 

1916-6687 

-4 

180  3278 

3-294-76 

189119-224 

2587-7045 

•5 

155-6092 

2450-26 

121287-376 

1924-4263 

-6 

180-6420 

3306-26 

190109-876 

2696-7287 

•« 

156'8233 

2460-16 

1220-23-936 

19:i2-2096 

•6 

180-9561 

3317-76 

19110-2-976 

2605-7687 

•7 

1601375 

2470-09 

122763-473 

1940H)086 

•7 

181-2803 

33-29-29 

102100H>S3 

26148-243 

•8 

156-4616 

2480-04 

123505-992 

1947-8-234 

•8 

181-6844 

3340-84 

108100-662 

2t23  89o7 

•9 

156-7658 

2490-01 

124251-499 

1955-6638 

•9 

181-8986 

336241 

104104-630 

2C>3i-9S2S 

60 

167-0800 

■2600 

125000 

1963-6000 

58 

18-2-2128 

8364 

196112 

2642^)856 

•1 

1673941 

2510-01 

125761-601 

1971-3618 

•1 

18-2-5269 

8376-61 

196122-941 

2661-2046 

•2 

167-7083 

2620-04 

126606-008 

1979-2394 

•2 

182  8411 

3387-24 

197137-368 

2rt«»-3382 

•3 

158-0224 

2530-09 

127263-5-27 

1987-13-26 

•8 

183-1662 

8308-89 

198166-287 

2fi«9-4882 

•4 

158-3366 

2640-16 

128024064 

1995-0416 

•4 

188-4694 

8410-66 

109176-704 

2678-6538 

•6 

158  6508 

2660-26 

128787-625 

20029663 

•6 

183-7836 

34'22-26 

200201-625 

2687-8361 

•6 

158-9649 

2560-36 

129664-216 

20109067 

•6 

184-0977 

8433^ 

201230  066 

2ft97-032l 

•7 

159-2791 

2670-49 

130323-843 

2018-8628 

•7 

184-4119 

3446-60 

202262-003 

2706-2449 

•8 

159-5932 

2680-64 

131096-512 

20-26-8346 

•8 

184-7260 

3467-44 

203207-472 

2715-4733 

•9 

159-9074 

2690-81 

l:a872-229 

2034-8770 

•9 

185-0402 

8409-21 

204336460 

2724-7175 

61 

160  2216 

2601 

132661 

2042-8264 

60 

185-3644 

3481 

206870 

2733-0774 

4 

160-6367 

2611-21 

188432-881 

2050-8443 

•1 

186-6686 

3492-81 

206426-071 

2743  26-29 

•2 

160-8499 

2621-44 

184217-728 

2058-8784 

-2 

185-9827 

3604-64 

207474-688 

2752-M42 

•8 

1611640 

263169 

136006-697 

20669-293 

•8 

186-2696 

861640 

208627-867 

2761-8612 

•4 

161-4782 

2641-96 

135796-744 

2074-9963 

•4 

186-6110 

3628-36 

209684  684 

27711739 

•6 

161-7924 

2662-26 

136690-875 

20830771 

•6 

186^)262 

3640-26 

210644-876 

2780-6123 

•6 

162-1066 

2662-66 

137388096 

2091-1746 

•6 

187-2393 

3662-16 

211708-736 

2789-8664 

•7 

16*i-4207 

2672-89 

138188-413 

2099-2878 

-7 

187-6636 

3664-09 

212776-173 

2799-2382 

•8 

162-7848 

2683-24 

138991-832 

2107-4166 

-8 

187-8676 

3676-04 

213847192 

2808-6218 

•9 

163-0490 

2698-61 

189798-369 

2115-6612 

•9 

188-1818 

3688-01 

214921-790 

2818-0-230 

62 

163-3632 

2704 

140608 

2123-7216 

60 

188-4960 

8600 

216000 

28-27-4400 

•1 

163-6773 

2714-41 

141420-761 

2131-8976 

-1 

188-8101 

3612-01 

217081-801 

2836-8726 

•2 

163-9936 

2724-84 

142-236  648 

2140-0893 

•2 

189-1213 

36-24-04 

218167-208 

2846-3-210 

•8 

164-3066 

2736-29 

143066-667 

2148-2967 

•8 

189-4384 

3636-09 

210256-227 

2856-7860 

•4 

164-6198 

2746-76 

143877-824 

2166-6199 

•4 

189-7626 

364816 

220348-864 

2866-2048 

•6 

164-9340 

2766-26 

144703125 

2164-7687 

-6 

190-0668 

3660-26 

221446-126 

2874-7603 

•« 

165-2481 

2766-76 

146631-676 

2173-0133 

•6 

190-3809 

867286 

222646016 

2884-2616 

•7 

165-6623 

2777-29 

146863188 

2181-2835 

•7 

190-6061 

3684-49 

2236^-543 

2893-7984 

•8 

166-8764 

2787-84 

147197-962 

2189-6695 

-8 

191-0092 

8696-W 

224766-712 

29033410 

•9 

166-1906 

2798-41 

148035-889 

2197-8712 

-9 

191-3234 

3708-81 

226866-620 

2912-8903 

63 

166-5048 

2809 

148877 

2206-1886 

61 

191-6376 

3721 

2-26981 

29224784 

•1 

166-8189 

2819-61 

149721291 

2214-6216 

•1 

191-9617 

3738-21 

228099-181 

2932-0631 

•2 

167-1331 

2830-24 

160568768 

2-222-8704 

-2 

192-2669 

8746-44 

229220-928 

2941-6685 

•3 

167-4472 

2940-89 

161419-437 

2-231-2360 

•8 

192-6800 

3767-69 

230346-397 

2951-2897 

•4 

167-7614 

2851-66 

16-2273-304 

2-239-6152 

•4 

192-8942 

8769-96 

231475-644 

29(0-9265 

•6 

1680756 

2862-26 

153130-376 

2^^48-0111 

-6 

193-2084 

878226 

232(08  376 

2970  6791 

•6 

168-3897 

2872-96 

163990-666 

2266-4227 

•6 

193-5226 

3794-66 

233744-896 

2980  2474 

•7 

168-7049 

2883-69 

154854  153 

2254  8701 

-7 

193-8367 

3806-89 

234886113 

2^89-9314 

•8 

169-0180 

2894-44 

155:20-872 

2273-2931 

•8 

194-1608 

3819-24 

236029  032 

2999  0300 

•9 

169-3322 

2906-21 

166590-819 

2-281-7619 

•9 

194-4650 

3831-61 

237176-669 

3009  3464 

64 

169-6464 

2916 

157484 

2290-2264 

62 

194-7792 

3844 

2383-28 

•019-0776 

•1 

169-9606 

2926-81 

168840-421 

2-298-7  lt6 

-1 

195-0933 

3856-41 

239483  061 

302«-8-244 

•2 

170-2747 

2d37-64 

1592-20088 

2307-2224 

•2 

196-4076 

3868-84 

240641-848 

3038-58c>0 

•3 

170-5888 

2948-49 

160103-007 

2315-7440 

•3 

195-7216 

3881-29 

241804-367 

3048  31^1 

•4 

170-9030 

2969-36 

160989184 

2324-2813 

•4 

196-0358 

389376 

242970-6-24 

3068-1591 

•6 

171-2172 

2970-25 

161878626 

2332-8343 

•6 

196-3600 

3906-25 

244140626 

30«7  01^87 

•« 

171-5313 

298116 

162771-336 

2341-4030 

-6 

196-6641 

3918-76 

245314-376 

3077-7941 

•7 

17f-8455 

2992-09 

163667-3'23 

2349-9874 

-7 

196-9783 

8931-29 

246491-883 

3087-C341 

•8 

1721696 

3003-04 

164666-592 

2358-6876 

•8 

197-2924 

3943-84 

247673162 

3097-4919 

•9 

172-4738 

3014-01 

165469-149 

2367-2034 

-9 

197-6066 

8966-41 

2488581S9 

3107-3644 

66 

1727880 

30-26 

166376 

2375-8360 

63 

197-9208 

8969 

•260047 

3117-2626 

•1 

173-1021 

3036-01 

167-284161 

2384  4822 

•1 

198-2349 

3981-61 

261239-691 

3127-1564 

•2 

173416:J 

3047-04 

168196-608 

2393-1452 

-2 

198  6491 

3994-24 

2:)2436-968 

3137  07  5S 

•8 

173-7304 

3068-09 

169112-377 

2401-8238 

-8 

198-8632 

4006-89 

253636-137 

3147-0114 

•4 

174-0446 

3069-16 

170031-464 

2410-6182 

•4 

199-1774 

401966 

254840104 

31569(:64 

•6 

1 74-3588 

3080-25 

170953  876 

2419-2-283 

-6 

199-4916 

4032-26 

256047-875 

3l6<^-9-2V*l 

•6 

174-6729 

3091-36 

171879-616 

24-27-9641 

-6 

199-8057 

4044-96 

267259-456 

3176-9115 

•7 

174-9771 

3102-49 

172808  693 

24366956 

-7 

200-1199 

4067-69 

268474-853 

3186-9097 

•8 

175-3092 

3113-64 

173741-112 

2446-4528 

•8 

200-4340 

4070-44 

259694072 

3196-9235 

•9 

175-6154 

3124-81 

174676-879 

2464-2267 

•9 

200-7482 

4083-21 

260917  119 

3^206-9531 

66 

176-9296 

3136 

176616 

246:3-0144 

64 

2010624 

4096 

262144 

3-216  9984 

•1 

176-2437 

3147-21 

176658-481 

2471-8187 

•1 

201-3766 

4108-81 

263374-721 

3-227-0593 

•2 

1765579 

3158-44 

177504-328 

2480-6387 

-2 

201-6907 

4121-64 

2fr4609-288 

3237  1 31-0 

•3 

176-8720 

3169-69 

178453-547 

2489-4745 

-8 

202-0048 

4134-49 

266R47-707 

3-247  2-284 

-4 

1771862 

3180-96 

179406-144 

2498-3259 

•4 

202-3190 

4147-36 

-267089-984 

3'2.^.7  3.14.5 

•6 

177-5004 

3192-25 

180362-125 

25071931 

-6 

202-6332 

4160-26 

268336125 

3*267 -4«  03 

•6 

1T7-S145 

3203-56 

181321-496 

2616-0760 

-6 

202-9473 

417316 

2«59586-136 

3-277  59iK8 

•7 

1781287 

3214-89 

182-284-263 

2524-9736 

•7 

203-2615 

4186-09 

270840-023 

3287 -75:^ 

•8 

178-4428 

3226-24 

183-250-432 

2533-8RSS 

-8 

•203-5756 

4199-04 

27 -2097 -792 

3Jy7-92«^ 

•9 

178-7570 

3237-61 

1842-20  009 

2642-8188 

■9 

203-8898 

421-2-01 

273369-449 

3308-11 -it} 

CIBCLSS,  ADVASCmQ  BY  A  ISHTH. 
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Diua. 

Ciitaa. 

&,»». 

Gate. 

A^ 

DiUB. 

CireuD.       Sqwnu 

CBb0. 

Am. 

tt 

204*2040 

4225 

274625 

8318-3150 

78 

229-3368    5329 

389017 

4185-3060 

•1 

^J4-8181 

4238-01 

2768»&-451 

8328-5340 

•1 

229-6509 

5343-61 

890617-891 

4190*8712 

•2 

2U4-8S23 

4251-04 

277167-808 

8338-7668 

•2 

229*9661 

6368-24 

89*2223168 

4208-3614 

•3 

2i>&14M 

4264-09 

278446-077 

3349-0162 

•8 

230*2792 

5372*89 

893832*837 

4219-8678 

^4 

205-4aJ6 

4277-16 

279726-264 

3359*2814 

•4 

230-6934 

5387-56 

395446*904 

4231-3890 

-5 

206-7748 

4290-25 

281011-875 

8869-5623 

•6 

280-9076 

6402-26 

397065*375 

4-2420271 

•e 

axwkiso 

4303-36 

282300-416 

8379-8589 

•6 

231-2217 

5416-96 

398688*256 

4254-4803 

•7 

20e-4O31 

4816-49 

283693-393 

8380-1712 

•7 

231-5359 

5431*69 

400316*563 

42(;6-0493 

•8 

200-7172 

4329HU 

284890-312 

3400-4992 

-8 

231*8500 

5446*44 

401947-272 

4277*6339 

•9 

207-0314 

4342-81 

286101-179 

3410-8429 

•9 

232-1642 

5461*21 

403583-419 

4*2892843 

60 

207-34&6 

4356 

287496 

8421-2024 

74 

'282-4784 

5476 

406224 

4300-8504 

•1 

207-8597 

4369-21 

288804-781 

8431-5776 

•1 

2327926 

6490-81 

406869021 

4il2-4821 

•2 

207-9739 

4382-44 

290117-528 

8441-9633 

-2 

2831067 

5506-64 

408518*488 

4324-1296 

•8 

208-2880 

4395-60 

291434-247 

8452-3749 

•8 

283*4206 

6520*49 

410172-407 

4336-7928 

•i 

208-6022 

4408-96 

292754*944 

8462-7971 

•4 

2837360 

6535*86 

411830-784 

4347-4717 

•6 

208-9164 

44-2-2-25 

•294079-6-26 

3473-2351 

-6 

234*0492 

6560-26 

413493-626 

43691663 

•6 

2Q0-2305 

4435-56 

295408*296 

3483-6888 

•6 

234*3683 

6666-16 

416160036 

4370-8766 

•7 

209-M47 

4448-89 

296740-963 

3494-1640 

•7 

234-6775 

6580-09 

416832-728 

4382-0026 

*8 

209-8588 

4462-24 

298077-632 

3504-6432 

•8 

234-9916 

6696-04 

418608-992 

4394-3448 

■» 

210^1730 

4475-61 

299418-309 

8515-1430 

•9 

285-3068 

5610*01 

420189-749 

4406-1018 

er 

210-4872 

4489 

300763 

8525-6606 

76 

235*6200 

5626 

421876 

4417-8780 

•1 

210*8018 

4502-41 

802111-711 

35861928 

•1 

236*9341 

5640H)1 

428564-761 

4429-6638 

■2 

2111165 

4516-84 

303464-448 

8546-7407 

•2 

236-2483 

6665-04 

425259008 

4441*4684 

■8 

211-4296 

4529-29 

804821-217 

8557*3043 

•3 

236*6624 

5670-09 

426967-777 

4468-2886 

•4 

211-7438 

464*2-76 

306182-024 

8567-8837 

■4 

236-8766 

6686*16 

428661064 

44661246 

•« 

2t2H)580 

4556-25 

807546-875 

3578-4787 

•6 

237-1908 

6700-26 

480368-875 

4476-9768 

•6 

2123721 

4660-76 

308915*776 

3689-0895 

•6 

237-6049 

6716^ 

432081-216 

4488-8437 

■7 

2126863 

4683-29 

310288-783 

8599-7159 

•7 

237-8191 

6730-49 

433798-093 

4500-7268 

•6 

213-0004 

4596-84 

811665-762 

3610-3681 

-8 

238*1832 

6746*64 

436519-512 

4512*6266 
4524*k01 

•9 

2^-3146 

461041 

813046-839 

8621-0160 

•9 

238-4474 

5760-81 

437246-479 

68 

213-0288 

4624 

314432 

8631-6896 

76 

288-7616 

6776 

438976 

4536*4704 

•1 

2139429 

4637-61 

315821-241 

3642-3788 

•1 

239*0767 

6791*21 

440711-081 

4548*4163 

•a 

214-i671 

4651-24 

317214*568 

86530838 

•2 

239*3899 

5806*44 

442450  728 

4660*3787 

•3 

214-5712 

4664-89 

318011-987 

8663-8040 

•8 

239-7040 

6821-69 

444194-947 

4572-3653 

^ 

214-8864 

4678-56 

3*20013-504 

3674-5410 

•4 

240-0182 

6836-96 

445948-744 

4584*3683 

•6 

216-1996 

4602-26 

821419-126 

8685-2931 

-6 

240*3324 

6852  26 

447697-126 

4690*3571 

•6 

215-5137 

4706-96 

822828-856 

3696-0060 

•6 

240-6466 

6867-66 

449455096 

4608*3816 

•7 

216-8279 

4719-69 

3*^4242-703 

3706-8445 

*7 

240-9607 

5882*89 

461217-663 

4620-4218 

•8 

216-1420 

473344 

325660-672 

8717*6437 

•8 

241-2748 

6898-24 

462984-832 

4a24776 

■9 

2164662 

4747  21 

327082-769 

3728*4587 

-9 

241*5087 

5913-61 

464756-609 

4644  5492 

69 

210-7704 

476L 

328509 

3789-2694 

77 

241*9032 

6929 

466638 

4656-6366 

•1 

217-0845 

4774-81 

820939-871 

8760-1357 

-1 

242*2173 

5944-41 

468314011 

4668-7896 

•i 

217-3987 

4788-64 

331373-888 

8760-9978 

•2 

24-2-5316 

6969-84 

460099-648 

4680-8683 

■8 

217-7128 

4802-40 

332812*567 

3771*8766 

•3 

242-8456 

6975-29 

461889-917 

4692-99-27 

•i 

2180270 

4816-36 

334255-384 

8782-7601 

4 

243-1698 

699076 

463684-824 

4706-1429 

•6 

218-3412 

4830-25 

835702-376 

3793*6783 

•6 

248-4740 

6006-25 

466484-375 

4717*3087 

•6 

218-6553 

4844-16 

337153-536 

3804*6032 

•6 

243-7881 

6021-76 

467288-676 

4729-4903 

•7 

218-90^ 

4868-09 

338608-873 

3815-5438 

•7 

244*1028 

6037-29 

469097-438 

4741*6876 

•8 

219-283<$ 

4872-04 

3826*5002 

•8 

244-4164 

6062-84 

470910062 

47680605 

•9 

219-5978 

4886K)1 

341532-099 

3837-4722 

•9 

2U-7806 

6068-41 

472729*189 

4766*1292 

70 

219-9120 

4800 

343000 

8848*4600 

78 

246-0448 

6084 

474662 

4778-3786 

•1 

220-22ta 

4914-01 

344472-101 

8869-4952 

•1 

245-3589 

6099-61 

476379*541 

4790*6336 

•2 

220-5403 

4928-04 

345948-408 

8870-4826 

-2 

245-6781 

6115-24 

478211-768 

4802-9094 

•8 

220-8544 

4942-09 

347428-927 

3881-6174 

•8 

245-9872 

6180*80 

480048-687 

4816-2010 

4 

221-1686 

495616 

348913-664 

3892*6680 

•4 

246-3014 

6146*66 

481890*804 

4827*5082 

•5 

221-4828 

4970-26 

350402-625 

8903-6343 

•6 

246*6156 

6162-26 

488736*626 

4839*8811 

•6 

221-7960 

4984-36 

351896-816 

3914-7163 

•6 

246-9297 

6177-96 

486587*666 

4852*1607 

•7 

222-llU 

4993-49 

353393-243 

3925-8140 

*7 

247*2439 

6198*69 

487443-403 

4864*5241 

•8 

222-4252 

6012-64 

364894-912 

8936*9274 

•8 

247*5480 

6209-44 

489308-872 

4876*8978 

•9 

222-7S94 

6026-81 

356400-829 

8948-0565 

•9 

247-8722 

6226-21 

491169*060 

4889*2799 

71 

223H>536 

6041 

857911 

8959-2014 

79 

248-1864 

6241 

493039 

4901*6814 

•1 

223-3677 

6056-21 

359425-481 

8970-3619 

•1 

248*5005 

6266-81 

494918-671 

49140986 

•2 

22.1-6819 

6060-44 

860944-128 

8981-5881 

•2 

248-8147 

6272-64 

496793-088 

4926-6814 

•8 

223-9960 

6083-69 

362467-097 

899-2-7301 

-8 

2491288 

6288-49 

498677-267 

49380820 

•4 

224-3102 

6097-96 

363994-344 

4003-9373 

■4 

249-4430 

6304-86 

600566*184 

4961-4443 

•S 

224-6244 

611226 

866626-875 

4015-1611 

•6 

249-7672 

6820-26 

602469*875 

49630-243 

•« 

224-9385 

6126-56 

367061-696 

4026-4002 

•6 

2500713 

6836^16 

604358-836 

4876-4840 

•7 

225-25-27 

6140-89 

868601-813 

4087*6650 

•7 

250*3866 

6852K)9 

606261*673 

4988-9314 

•8 

225-5668 

6166-24 

370146-232 

4048-9264 

•8 

260*6996 

6868-04 

608169-692 

60014686 

-9 

225-8810 

6169-61 

871094-960 

4060-2116 

•9 

261*0138 

6384*01 

610082-809 

6014*0014 

72 

226-1952 

6184 

873248 

4071-5186 

80 

261*3280 

6400 

612000 

6026-6600 

•1 

226-5003 

6198-41 

874806-361 

4082*8332 

•1 

261-64-21 

641601 

613922-401 

6039*1342 

•2 

226-8236 

5212-84 

376367-048 

4094-1646 

-2 

261-9568 

64S204 

616849-608 

6061*7242 

•8 

2-27-1876 

5227-29 

377983'067 

4105-6125 

-8 

252-2704 

6448-09 

617781-627 

6064*3298 

•4 

227-4518 

6241-76 

879508-424 

411^8793 
4128*2587 

•4 

252*6846 

6464*16 

619718-464 

60769562 

•5 

2-i7-7660 

6266-26 

381078-125 

•6 

252*8988 

6480-26 

621660-125 

6089*5883 

•6 

228^»01 

5270-76 

382667-176 

4139*6524 

•6 

258-2129 

6496-36 

623606-616 

6102-2411 

•y 

228-3043 

6285-29 

384240-583 

4151-0667 

■7 

263-5271 

6612-40 

626667048 

61140096 

•8 

228-7084 

5209-84 

885828-352 

4162*4943 

■8 

263-8412 

6628-64 

627514112 

5127-6938 

■9 

229-0226 

6314-41 

387420-489 

4173*9876 

•9 

2641664 

6544*81 

629476*129 

6140-2937 
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DhB. 

Cireom. 

SqOM. 

Cobb 

Am. 

Diam. 

Onum. 

SqttN. 

Cuba. 

Aral. 

81 

264-4ti96 

6501 

531441 

6163-0094 

89 

279-6024 

7921 

704969 

6221-1634 

•1 

2647837 

6577-21 

633411-731 

6166-7407 

-1 

279-9165 

7938-81 

707347-971 

62351413 

•2 

2560W9 

6593-44 

635387-328 

6178-4877 

-2 

280-2307 

7956-64 

70978-2-288 

6249-1460 

•3 

265-4120 

6609-69 

537367-797 

6191-2606 

•3 

280-5448 

7974-49 

712121-967 

6263-l©M 

•4 

255-7262 

6625-96 

639353-144 

6204-0285 

•4 

280-8590 

7992-86 

714616i«4 

6277-1996 

•6 

256-0404 

6642-26 

541343-375 

5216-8231 

-6 

2811732 

8010-26 

710917-S75 

6291-2U35 

•6 

266-3545 

6658-56 

543338-496 

6229-6330 

•6 

281-4873 

8028-16 

719323-136 

6305-8168 

•7 

266-6887 

6674-89 

545338-513 

6242-4586 

•7 

281-88-26 

8046-09 

721734-273 

6319-3900 

•8 

256-98-28 

6691-24 

547343-432 

6255-2998 

•8 

282-1156 

8064-04 

724160-792 

63334970 

•9 

267-2970 

6707-61 

549858-269 

6268-1668 

•9 

282-4298 

8082H)1 

726572-699 

6347-6813 

82 

257-6112 

6724 

651868 

6281-0296 

90 

282-7440 

8100 

729000 

6361-7400 

•1 

267-9253 

6740-41 

653387-661 

6293-9180 

-1 

283-0581 

8118-01 

731482-701 

6375-8850 

•2 

258-2396 

6766-84 

655412-248 

5306-8221 

•2 

283-3723 

813604 

733870-808 

6800HM58 

•8 

268-6536 

6773-29 

657441-767 

5319-7439 

•8 

283-6864 

8154-00 

736314-327 

6404-22-22 

•4 

258-8646 

6789-76 

669476-224 

6332-6775 

•4 

284-0006 

8172-16 

738763-264 

6418-4144 

•6 

2691820 

6806-25 

661516-625 

6346-6287 

•6 

584-3148 

8190-25 

741217-625 

6432-6223 

•« 

269-4961 

6822-76 

663659-976 

6358-6957 

-6 

284-6289 

8208-36 

743677-416 

6446-8474 

■7 

269-8103 

6839-29 

565609-288 

6371-5983 

•7 

284-9431 

8226-49 

746142-643 

6461-0852 

•8 

2601244 

6856-84 

567663-652 

6384-6762 

-8 

286-2572 

8244-64 

748618-312 

6475-3402 

•9 

280-4386 

6872-41 

569722-789 

5397-6908 

•9 

286-6714 

8262-81 

761089-429 

6489-6109 

83 

260-7628 

6889 

571787 

6410-6206 

91 

285-8866 

8281 

763671 

6503-8974 

•1 

261-0669 

6905-61 

573856-191 

6423  6660 

•1 

286-1997 

8299-21 

766068-031 

6618-1995 

•2 

261-3811 

6922-24 

575930-368 

6486-7272 

-2 

286-6139 

8317-44 

768560628 

6532-5173 

•8 

261-6952 

6938-89 

578009-637 

6449-8042 

-8 

286-8290 

8335-69 

761048-497 

6546-8909 

•4 

262  0094 

6955-66 

580093-704 

6462-8968 

-4 

2871422 

8353-96 

763551-944 

6661-20S1 

•5 

2623286 

6972-28 

582182-875 

5476^)061 

•6 

287-4564 

8372-25 

766060-876 

6676-5651 

•6 

262-6376 

6088-96 

684277-056 

54891291 

-6 

287-7705 

8390-56 

768576-296 

6569-9458 

-7 

262-9519 

7005-60 

686376-263 

6602-2689 

•7 

288-0847 

8408-89 

771095-213 

6604-3222 

•8 

263-2610 

702-2-44 

688480-472 

6615-4243 

•8 

288-3988 

8427-24 

773620-682 

6618-7642 

•9 

•263-5802 

7039-21 

590689-719 

5528-5058 

-9 

288-7130 

8446-61 

776151-669 

6633-1820 

84 

263-8944 

7056 

692704 

6641-7824 

92 

289-0272 

8464 

778688 

6647-6-256 

•1 

264-2085 

7072-81 

594823-821 

6654-9849 

•1 

289-3413 

8482-41 

781229-961 

6662-0848 

•2 

264-5227 

7089-64 

596947-688 

5568-2032 

•2 

289-6565 

8600-84 

783777-448 

6676-5697 

•8 

264-8368 

7106-49 

699077107 

5581-4372 

-8 

289-9696 

8519-29 

786330-467 

6691-0161 

•4 

265-1510 

7123-86 

601211-584 

6694-6869 

•4 

290-2838 

8537-76 

788889-024 

6705-6567 

•6 

265-4652 

7140-25 

603351126 

5607-9623 

•6 

290-6980 

8556-25 

791463-125 

6720O787 

•« 

266-7793 

7157-16 

605496-736 

5621-2334 

•6 

290-9121 

8674-76 

794022-776 

6734-6165 

•7 

266-0935 

7174-09 

807646-423 

6634-56S2 

•7 

291-2263 

8593-29 

796597-983 

6749-1609 

•8 

266-4076 

7191-04 

609800-192 

6647-8428 

-8 

291-6404 

8611-84 

799178-752 

6763-7391 

-9 

266-7218 

720801 

611960-049 

6661-1710 

•9 

291-8546 

8630-41 

601766-089 

6778-3240 

85 

267-0360 

72-25 

614126 

6674-6150 

93 

292-1688 

8649 

804367 

6792-9246 

•1 

267-8601 

7242-01 

616295-051 

5687-8746 

-1 

292-4829 

8667-61 

806954-491 

6807-5408 

•2 

267-6643 

7259-04 

618470-208 

6701-2500 

-2 

292-7971 

8686-24 

809567-568 

68'22-1730 

•3 

267-9784 

727609 

620650-477 

5714-6410 

•8 

2981112 

8704-89 

812166-237 

6836-8206 

•4 

268-2926 

7'293-16 

622835-864 

6728-0478 

•4 

293-4264 

8723-66 

814780-504 

6851-4840 

•6 

268-6068 

7310-25 

625026375 

6741-4708 

•6 

293-7396 

8742-25 

817400-876 

68e6-1631 

•6 

20S-9'209 

7327-36 

6272-22-016 

5754-9085 

.-6 

294-0637 

8760-96 

820025-866 

6880-8579 

•7 

269-2351 

7344-49 

629422-793 

5768-3624 

•7 

294-3679 

8779-69 

822666-953 

6895-5685 

•8 

269-5402 

7361-64 

631628-712 

6781-8320 

-8 

294-6820 

8798-44 

825293-672 

6910-2947 

•9 

269-8634 

7378-81 

5705-3173 

-9 

294-9962 

8817-21 

827936-019 

6925-0367 

86 

2701776 

7396 

636056 

6808-8184 

94 

295-3104 

8836 

830684 

6939-79U 

•1 

270-4917 

7418-21 

638277-381 

5822-3351 

•1 

295-6245 

8854-81 

6954-6677 

•2 

270-8059 

7430-44 

640503-928 

6885-8675 

•2 

295-9387 

8873-64 

836896-888 

6969-3568 

•8 

271-1200 

7447-69 

642735-647 

6849-4157 

-3 

296-2436 

8892-49 

838561-807 

6984-1614 

•4 

271-4342 

7464-96 

644972-644 

6862-9795 

4 

296-5670 

8911>36 

841232-384 

6998-9821 

■6 

271-7484 

7482-25 

647-214-626 

6876-5691 

•5 

296-8812 

8930-25 

843908-625 

7018-8183 

■fl 

2720666 

7499-56 

649461-896 

6890-1641 

•6 

2971953 

8949-16 

846590-636 

7028-6702 

•7 

272-3767 

7616-89 

651714-368 

6903-7664 

•7 

297-6095 

8968-09 

849278123 

7043-5026 

•8 

272-6908 

7634-24 

653972-032 

6917-8920 

•8 

297-8236 

8987-04 

851971-892 

7058-4180 

•9 

278H)050 

7551-61 

656234-909 

6931-0344 

•9 

298-1378 

9006-01 

854670-349 

7073-3202 

87 

273-3192 

7589 

658503 

5944-6926 

96 

298-4620 

9026 

857376 

7088-2360 

•1 

273-6333 

7586-41 

660776-311 

6968-3644 

-1 

298-7661 

9044-01 

860085-361 

71031654 

•2 

273-9876 

7603-84 

663054-848 

5972-0669 

•2 

299K)723 

9068-04 

862801-408 

71181116 

•3 

274-2616 

7621-29 

665338-617 

6985-7691 

•8 

299-3944 

9082-09 

865523-177 

7133-0734 

•4 

274-5758 

7638-76 

667627-624 

69994821 

•4 

299-7086 

9101-10 

868250-664 

7148-0610 

•6 

274-8900 

7656-26 

669921-875 

e013-2187 

-6 

300-0228 

9120-26 

870983-875 

7163-0443 

•6 

275-2041 

7673-76 

672221-376 

6026-9711 

-6 

800-3369 

9139-36 

873722-816 

71780533 

•7 

276-6183 

7691-29 

674626183 

6040-7391 

-7 

300-6511 

9158-49 

876467-493 

7193-0780 

•8 

275-8324 

7708-84 

676836-162 

6054-5149 

•8 

300-9662 

9177-64 

879217-912 

7-2081184 

•9 

276-1466 

7726-41 

679161-439 

6068-3224 

-9 

301-2794 

9196-81 

881974-079 

7-223-1745 

88 

276-4608 

77U 

681472 

6082-1376 

96 

301-5936 

9216 

884736 

7238-2464 

•1 

276-7749 

7761-61 

683797-841 

6095-9684 

-1 

301-9077 

9235-21 

887603-681 

7253-8339 

•2 

2770891 

7779-24 

686128-968 

6109-8150 

•2 

302-2219 

9254-44 

890277-128 

7268-4371 

•3 

277-4032 

7796-89 

688466-387 

6123-6774 

-8 

302-5360 

9273-69 

893056-347 

72S3-fi661 

•4 

277-7174 

7814-66 

690807-104 

6137-6564 

-4 

302-8502 

9292-96 

896841-344 

7298-t-907 

•6 

278-0316 

7832-25 

693154122 

6161-4491 

•6 

303-1644 

9312-25 

89863-2-126 

7313-8411 

•6 

278-3467 

7849-96 

695506-456 

6165-3686 

•6 

303-4785 

9331-56 

901428-696 

78-29-0072 

•7 

278-6599 

7867-69 

697864-103 

6179-2837 

-7 

3037927 

935089 

904231-063 

7344-1890 

•8 

278-9760 

7886-44 

700227-072 

6193-2246 

•8 

3041068 

9370-24 

907039-232 

7359-3804 

•9 

279-2S82 

7933-21 

702696-369 

62071811 

■9 

304-4210 

9389-61 

909863-209 

7374-5996 

TABLB  OF  THS  LBKaiH  07  CIKCtTLAB  ARCS. 
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IM. 

Cima. 

S,^ 

Cub.. 

ij«u 

DUn. 

CiKom. 

Sqoan. 

Cb. 

AroL 

97 

aOiTSSS 

9409 

912678 

7889-8286 

•6 

309-7617 

9721-96 

968586-256 

7685-6273 

•1 

805-01d3 

9428-41 

916498-611 

7406-0732 

•7 

310H)769 

9741-69 

961504-803 

76511933 

•2 

306-8686 

9447-84 

918330-048 

7420-3SS5 

•8 

810-8960 

9761-44 

964430-272 

7666-6349 

•3 

3WW76 

9467-29 

921167-317 

7435-6095 

'    -9 

310-7042 

9781-21 

967361-669 

7082-1623 

4 

306-9918 

9486-76 

924010-424 

7460-9013 

99 

811-0184 

9801 

970299 

7697-7054 

•6 

800-8000 

9606-26 

926859-376 

7466-2087 

•1 

311-3325 

98-20-81 

973-242-271 

7713-2641 

a 

800^201 

9526-76 

929714176 

7481-6319 

•2 

311-6467 

9840-64 

976101-488 

7728-8386 

•7 

806-9303 

9646-20 

932574-833 

7496-8707 

•3 

311-9608 

9860-49 

979146-667 

7744-4288 

•8 

807-2484 

9564-84 

935441-352 

7512-2253 

•4 

312-2750 

9880-36 

982107-784 

77600347 

•9 

807-6e26 

9684-41 

938313-739 

7627-5966 

•5 

812-5892 

9900-25 

985074-875 

7775-6563 

98 

807-8768 

96M 

941192 

75424816 

•6 

312-9033 

9920-16 

988047-936 

7791-2936 

•1 

8081909 

9628-61 

944076-141 

75583832 

•7 

313-2175 

9940H» 

991026-973 

7806-9466 

•3 

308-6061 

9643-24 

946966-168 

7573-8006 

•8 

313-5116 

996004 

994011-902 

7822-6154 

•3 

808-8192 

9662-89 

75$9-2338 

•9 

313-8458 

9980-01 

997002-999 

7838-2998 

4 

809-1334 

9682-56 

952763-904 

7604-6826 

100 

8141600 

10000 

1000000 

7864KX)00 

•6 

809^76 

970-2-i6 

955671-625 

7820-1471 

A  Table  of  the  Length  of  Circular  ArcSy  radius  being  unity. 

Ihma. 

L«fth. 

Dv«. 

L-^         1 

Mia. 

Leacth. 

See. 

Uncth. 

1 

0-O1746S3 

60 

1-0471976 

1 

0-0002909 

1 

0-000048 

2 

0-O349066 

70 

1-2217805 

2 

0-0005818 

2 

0-000097 

0-O523599 

80 

1-3962684 

8 

0-0008727 

8 

00000146 

0-0698132 

90 

1-6707963 

4 

0-0011636 

4 

0-0000194 

0-0872666 

100 

1-7468298 

6 

0-0014544 

6 

0-0000242 

0-1047198 

120 

2-0943951 

6 

0-0017458 

6 

0-0000291 

0-1221780 

160 

2-6179939 

7 

0-0020362 

7 

0-0000389 

8 

0189626S 

180 

8-1416927 

8 

0-0023271 

8 

0-0000388 

9 

0-1670796 

210 

8-6651914 

9 

0-0026180 

9 

0-0000436 

10 

0-1746329 

240 

4-1887902 

10 

0-0029089 

10 

0-0000485 

20 

0-3490669 

270 

4-7128890 

20 

0-0068178 

20 

0-0000970 

80 

0-6235988 

800 

6-2369878 

80 

0-0087266 

80 

0-0001454 

40 

0-6981817 

880 

6-7696866 

40 

0-0116866 

40 

0-0001939 

50 

0-8726646 

860 

6-2881853 

60 

0-0145444 

60 

0-0002424 

Required  the  length  of  a  circular  arc  of  87°  42'  58"  ? 
80°  «  0-5285988 
7°  «  0-1221730 
40'  =  0-0116855 
2'  «  0-0020868 
50"  =  0-0002424 
8"  =  0-0000888 
The  length  0-6582703  required  in  terms  of  the 
radius. 

1207^  Fahrenheit  =  1°  of  Wedgewood's  pyrometer.  Iron  melts 
at  about  166°  Wedgewood;  200862°  Fahrenheit. 

Sound  passes  in  air  at  a  velocity  of  1142  feet  a  second,  and  in 
water  at  a  velocity  of  4700  feet. 

Freezing  water  gives  out  140°  of  heat,  and  may  be  cooled  as 
low  as  20°.  All  solids  absorb  heat  when  becoming  a  fluid,  and  the 
quantity  of  heat  that  renders  a  substance  fluid  is  termed  its  caloric 
of  fluidity,  or  latent  heat.  Fluids  in  vacuo  boil  with  124°  less 
heat,  than  when  under  the  pressure  of  the  atmosphere. 
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TfiB  PRACTICAL  MODEL  CALCULATOR. 


Areas  of  the  Segments  and  Zones  of  a  Qircle  of  which  the  Diambteb 
is  Unity  J  and  supposed  to  he  divided  into  1000  equal  parts. 


Bdcht 

Am  of 
ScpMat 

Am  of 
Zone. 

HciibL 

Afmof 

Am  of 
ZOM 

HdgkL 

Amor 

Amor 
Zone. 

•001 

•000042 

•001000 

•061 

•016119 

•050912 

•101 

•041476 

•100309 

•002 

•000119 

•002000 

•052 

•015661 

•051906 

•102 

•042080 

•101288 

•003 

•000219 

•003000 

•058 

•016007 

•062901 

•108 

•052687 

•102267 

•004 

•000337 

•004000 

•064 

•016467 

•063895 

•104 

•048296 

•103246 

•005 

•000470 

•005000 

•056 

•016911 

•054890 

•106 

•048908 

•104228 

•006 

•000618 

•006000 

•056 

•017869 

•065888 

•106 

•044622 

•106201 

•007 

•000779 

•007000 

•057 

•017831 

•056877 

•107 

•045139 

•106178 

•008 

•000951 

•008000 

•068 

-018296 

•067870 

•108 

•046769 

•107166 

•009 

•001135 

•009000 

•059 

•018766 

•058868 

•109 

•046881 

•108181 

•010 

-001329 

•010000 

•060 

•019239 

•059866 

•110 

•047006 

•109107 

•Oil 

•001638 

•011000 

•061 

•019716 

•060849 

•111 

•047682 

•110082. 

•012 

•001746 

•011999 

•062 

•020196 

•061841 

•112 

•048262 

•111067 

•013 

•001968 

-012999 

•068 

•020680 

•062838 

•118 

•048894 

•112031 

•014 

•002199 

•013998 

•064 

•021168 

•063825 

•114 

•049628 

•118004 

•016 

•002438 

•014998 

•065 

•021659 

•064817 

•115 

•060166 

•118978 

•016 

•002685 

•015997 

•066 

•022154 

•066807 

•116 

•060804 

•114961 

•017 

•002940 

•016997 

•067 

•022652 

•066799 

•117 

•061446 

•116924 

•018 

•003202 

•017996 

•068 

•023164 

•067790 

•118 

•062090 

•116896 

•019 

•003471 

•018996 

•069 

•023659 

•068782 

•119 

•052736 

•117867 

•020 

•003748 

•019995 

•070 

•024168 

•069771 

•120 

•068885 

•118838 

•021 

•004031 

•020994 

•071 

•024680 

•070761 

•121 

•054036 

•119809 

•022 

•004322 

•021993 

•072 

•025196 

•071761 

•122 

•054689 

•120779 

•023 

•004618 

•022992 

•078 

•026714 

•072740 

•128 

•056346 

•121748 

•024 

•00492] 

028991 

•074 

•026236 

•078729 

•124 

•056003 

•122717 

•025 

•006280 

•024990 

•076 

•026761 

•074718 

•125 

•066663 

•123686 

•026 

•005546 

•025989 

•076 

•027289 

•075707 

•126 

•057326 

•124654 

•027 

•005867 

•026987 

•077 

•027821 

•076695 

•127 

•057991 

•126621 

•028 

•006194 

•027986 

•078 

•028356 

•077683 

•128 

•058668 

•126588 

•029 

•006527 

•028984 

•079 

•028894 

•078670 

•129 

•069327 

•127555 

•030 

•006865 

•029982 

•080 

•029435 

•079658 

•180 

•059999 

•128521 

•031 

•007209 

•030980 

•081 

•029979 

•080645 

•181 

•060672 

•129486 

•032 

•007568 

•031978 

•082 

•030526 

•081631 

•182 

•061348 

•130461 

•033 

•007918 

•082976 

•083 

•031076 

•082618 

•138 

'062026 

•131416 

•034 

•008273 

•083974 

•084 

•031629 

•083604 

•134 

•062707 

•182379 

•036 

•008688 

•034972 

•085 

•032186 

•084589 

•185 

•063389 

•133342 

•036 

•009008 

•035969 

•086 

•032746 

•085574 

•186 

•064074 

•134304 . 

•037 

•009383 

•036967 

•087 

•033307 

•086569 

•137 

•064760 

•135266 

•038 

•009763 

•037966 

•088 

•033872 

•087544 

•188 

•065449 

•136228 

•039 

•010148 

•038962 

•089 

•034441 

•088528 

•139 

•066140 

•137189 

•040 

•010637 

•039958 

•090 

•036011 

•089612 

•140 

•066883 

•188149 

•041 

•010931 

•040954 

•091 

•035586 

•090496 

•141 

•067528 

•189109 

•042 

•011330 

•041951 

•092 

•036162 

•091479 

•142 

•068225 

•140068 

•043 

•011734 

•042947 

•093 

•036741 

•092461 

•148 

•068924 

•141026 

•044 

•012142 

•043944 

•094 

•037823 

•093444 

•144 

•069626 

•141984 

•045 

•012564 

•044940 

•095 

•037909 

•094426 

•146 

•070328 

•142942 

•046 

•012971 

•045036 

•096 

.038496 

•095407 

•146 

•071038 

•148898 

•047 

•013392 

•046931 

•097 

.039087 

•096388 

•147 

•071741 

•144854 

•048 

•013818 

•047927 

•098 

.039680 

•097369 

•148 

•072450 

•145810 

•019 

•014247 

•048922 

•099 

.040276 

•098360 

•149 

•078161 

•146765 

•060 

•014681 

•049917 

•100 

.040875 

•099380 

•150 

•073874 

•147719 

AREAS  07  THS  SEGMENTS  AND  ZONES  OF  A  CIRCLE. 
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BdgliL 

Aiwof  Sc(. 

AmofZoae. 

HdjhL 

Ana  of  8tt. 

Area  of  Zone. 

Height 

ArcaofSec. 

AraofZoM. 

•151 

•074589 

•148674 

•206 

•116660 

•200915 

•261 

•163140 

•248608 

•152 

•075306 

•149626 

•207 

•117460 

•200924 

•262 

•164019 

•249461 

•153 

•076026 

•160578 

•208 

•118271 

•201836 

•263 

•164899 

•250212 

•154 

•076747 

•161580 

•209 

•119083 

•202744 

•264 

•165780 

•251162 

•155 

•077469 

•162481 

•210 

•119897 

•203652 

•266 

•166668 

•252011 

•166 

•078194 

•163431 

•211 

•120712 

•204559 

•266 

•167546 

•262851 

•157 

•078921 

•154381 

•212 

•121529 

•205465 

•267 

•168430 

•263704 

•158 

•079649 

•166330 

•213 

•122347 

•206370 

•268 

•169315 

•254549 

•159 

•080380 

•156278 

•214 

•123167 

•207274 

•269 

•170202 

•255392 

•160 

•081112 

•157226 

•216 

•128988 

•208178 

•270 

•171080 

•256235 

■161 

•081846 

•158173 

•216 

•124810 

-209080 

•271 

•171978 

•257075 

•162 

•082682 

•169119 

•217 

•126684 

•209981 

•272 

•172867 

•257915 

•163 

•083320 

•160066 

•218 

•126459 

•210882 

•273 

•173768 

•258754 

•164 

•084059 

•161010 

•219 

•127285 

•211782 

•274 

•174649 

•259591 

•165 

-084801 

•161954 

•220 

•128113 

•212680 

•275 

•175642 

•260427 

•166 

•085544 

•162898 

•221 

•128942 

•213577 

•276 

•176435 

•261261 

•167 

•086289 

•163841 

•222 

•129773 

•214474 

•277 

•177830 

•262094 

•168 

•087086 

•165784 

•228 

•130605 

•215369 

•278 

•178226 

•262926 

•169 

•087786 

•165726 

•224 

•181438 

•216264 

•279 

•179122 

•268757 

•170 

•088535 

•166666 

•226 

•182272 

•217167 

•280 

•180019 

•264586 

•171 

•089287 

•167606 

•226 

•188108 

•218060 

•281 

•180918 

•265414 

•172 

•090041 

•168649 

•227 

•133945 

•218941 

•282 

•181817 

•266240 

•173 

•090797 

•160484 

•228 

•184784 

•219832 

•283 

•182718 

•267065 

•174 

•091554 

•170422 

•229 

•136624 

•220721 

•284 

•183619 

•267889 

•175 

•092318 

•171369 

•230 

•186466 

•221610 

•286 

•184521 

•268711 

•176 

•098074 

•172295 

•231 

•187807 

•222497 

•286 

•186426 

•269682 

•177 

•098836 

•173231 

•282 

•138150 

•223354 

•287 

•186329 

•270352 

•178 

•094601 

•174166 

•233 

•138995 

•224269 

•288 

•187284 

•271170 

•179 

•096366 

•175100 

•234 

•139841 

•226153 

•289 

•188140 

•271987 

•180 

•096184 

•176088 

•236 

•140688 

•226036 

•290 

•189047 

•272802 

•181 

•096908 

•176966 

•236 

•141687 

•226919 

•291 

•189955 

•273616 

•182 

•097674 

•177897 

•237 

•142387 

•227800 

•292 

•190864 

•274428 

•183 

•098447 

•178828 

•238 

•143238 

•228680 

•293 

•191775 

•275239 

•184 

•099221 

•179769 

•239 

•144091 

•229569 

•294 

•192684 

•276049 

•185 

•099997 

•180688 

•240 

•144944 

•280439 

•296 

•193696 

•276857 

•186 

•100774 

•181617 

•241 

•146799 

•231813 

•296 

•194509 

•277664 

•187 

•101558 

•182646 

•242 

•146655 

•232189 

•297 

•195422 

•278469 

'188 

•102334 

•183472 

•248 

•147512 

•233063 

•298 

•196337 

•279278 

•189 

•103116 

•184398 

•244 

•148871 

•233937 

•299 

•197252 

•280076 

•190 

•103900 

•186828 

•246 

•149280 

•284809 

•300 

•198168 

•280876 

•191 

•104685 

•186248 

•246 

•160091 

•236680 

•801 

•199085 

•281675 

•192 

-105472 

•187172 

•257 

•160958 

•286560 

•802 

•200008 

•282473 

•198 

•106261 

•188094 

•248 

•161816 

•287419 

•808 

•200922 

•283269 

•194 

•107061 

•189016 

•249 

•152680 

•238287 

•804 

•201841 

•284063 

•195 

•107ft42 

•189988 

•250 

•163646 

•289168 

•805 

•202761 

•284857 

•196 

•108686 

•190868 

•251 

•154412 

•240019 

•806 

•208683 

•285648 

•197 

•109430 

•191777 

•262 

•165280 

•240888 

•807 

•204606 

•286438 

•198 

•110228 

•192696 

•258 

•166149 

•241746 

•808 

•205527 

•287227 

•199 

•111024 

•193614 

•264 

•167019 

•242608 

•809 

•206451 

•288014 

•200 

•111823 

-194631 

•255 

•167890 

•248469 

•810 

•207876 

•288799 

•201 

-112624 

•195447 

•266 

•158762 

•244828 

•811 

-208801 

•289588 

•202 

•113426 

•196362 

•257 

•159686 

•246187 

•812 

•209227 

•290866 

•208 

•114280 

•197277 

•258 

•160510 

•246044 

•818 

•210154 

•291146 

•204 

•116086 

•198190 

•259 

•161886 

•246900 

•814 

•211082 

•291926 

•206 

•116842 

•199108 

•260 

•162268 

•247766 

•816 

•212011 

•292702 

y2 
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THB  PRACTICAL  MODEL  CALCULATOB. 


Height. 

Aroft  of  Sog. 

Area  of  Zone. 

Hoigbi. 

Area  of  Seg. 

AreaofZono. 

Height.  'Area  of  Seg. 

Area  of  Zone. 

•316 

•212940 

•293478 

•871 

•265144 

•833372 

•426 

•318970 

•366463 

•317 

•213871 

•294252 

•872 

•266111 

•334041 

•427 

•819959 

•366985 

•318 

•214802 

•295025 

•378 

•267078 

•834708 

•428 

•320948 

•367504 

•319 

•216738 

•295796 

•874 

•268045 

•335373 

•429 

•821938 

•368019 

•320 

•216666 

•296566 

•876 

•269018 

•886036 

•480 

-322928 

•368531 

•321 

•217599 

•297888 

•876 

•269982 

•836696 

•431 

•823918 

•369040 

•322 

•218538 

-298098 

•377 

•270951 

•837354 

•482 

•324909 

•369545 

•323 

•219468 

•298863 

•378 

•271920 

•888010 

•433 

•325900 

•370047 

•324 

•220404 

•299G25 

•879 

•272890 

•338663 

•434 

•326892 

•370546 

•326 

•221340 

•300386 

•380 

•273861 

•839314 

■435 

•327882 

•371040 

•326 

•222277 

•801145 

•381 

•274832 

•339968 

•436 

•328874 

•871531 

•327 

•223216 

•301902 

•382 

•275803 

•340609 

•437 

•329866 

•872019 

•328 

•224154 

•802658 

•383 

•276775 

•341253 

•438 

•330858 

•372503 

•329 

•225093 

•303412 

•384 

•277748 

•841895 

•439 

•381860 

•372983 

•830 

•226038 

•304164 

•885 

•278721 

•342534 

•440 

•882843 

•873460 

•331 

•226974 

•804914 

•886 

•279694 

•848171 

•441 

•333836 

•373938 

•332 

•227915 

•305663 

•887 

•280668 

•343805 

•442 

•334829 

•874408 

•333 

•228858 

•806410 

•888 

•281642 

•344437 

•443 

•335822 

•374868 

•334 

•229801 

•307156 

•889 

•282617 

•345067 

•444 

•330816 

•375330 

•336 

•230745 

•807898 

•890 

•283592 

•345694 

•445 

•337810 

•375788 

•336 

•231689 

•308640 

•891 

•284568 

•346318 

•446 

•338804 

•376242 

•337 

•232634 

•309379 

•892 

•285544 

•346940 

•447 

•339798 

•376692 

•338 

•233580 

•310117 

•893 

•286521 

•847560 

•448 

•340793 

•377188 

•339 

•234526 

•310853 

•394 

•287498 

•348177 

•449 

•341787 

•377580 

•340 

•235473 

•811688 

•396 

•288476 

•348791 

•450 

•342782 

•378018 

•841 

•236421 

•812319 

•896 

•289463 

•849403 

•451 

•843777 

•378452 

•842 

•237369 

•313050 

•897 

•290432 

•350012 

•452 

•844772 

•378881 

•843 

•238318 

•313778 

•398 

•291411 

•350619 

•453 

•345768 

•379307 

•844 

•239268 

•814606 

•899 

■292390 

•351223 

•454 

•346764 

•379728 

•346 

•240218 

•816280 

•400 

•293369 

•851824 

•456 

•347759 

•380145 

•846 

•241169 

•816952 

•401 

•294349 

•352423 

•456 

•848766 

•380557 

•847 

•242121 

•816678 

•402 

•295330 

•853019 

•457 

•349752 

•380966 

•348 

•243074 

•817398 

•403 

•296311 

•353612 

•458 

•350748 

•381869 

•849 

'244026 

•818110 

•404 

•297292 

•354202 

•469 

•351746 

•381768 

•850 

•244980 

•818825 

•406 

•298278 

•354790 

•460 

•362742 

•882162 

•351 

•245934 

•819688 

•406 

•299255 

•855876 

•461 

•353739 

•382651 

•352 

•246889 

•820249 

•407 

•800238 

•855958 

•462 

•354736 

•882936 

•353 

•247845 

•320958 

•408 

•801220 

•856637 

•463 

•355732 

•383316 

•854 

•248801 

•321666 

•409 

•802208 

•357114 

•464 

•356730 

•383691 

•855 

•249767 

•822371 

•410 

•808187 

•367688 

•466 

•367727 

•384061 

•856 

•250715 

•823076 

•411 

•804171 

•868258 

•466 

•358725 

•884426 

•867 

•251678 

•828776 

•412 

•805155 

•858827 

•467 

•869723 

•884786 

•868 

•252631 

•824474 

•418 

•806140 

•869892 

•468 

•860721 

•886144 

•859 

•253690 

•325171 

•414 

•307125 

•859954 

•469 

•861719 

•885490 

•860 

•254560 

•825866 

•415 

•808110 

•860618 

•470 

•862717 

•385834 

•861 

•265610 

•826559 

•416 

•809096 

•861070 

•471 

•863715 

•386172 

•862 

•256471 

•827250 

•417 

•810081 

•861623 

•472 

•864718 

•386506 

•363 

■257438 

•827939 

•418 

•811068 

•362173 

•473 

•865712 

■386832 

•364 

•258395 

•828626 

•419 

•812054 

•362720 

•474 

•866710 

•887153 

•865 

•259357 

•829810 

•420 

•818041 

•863264 

•476 

•867709 

•887469 

•866 

•260320 

•829992 

•421 

•814029 

•868806 

•476 

•368708 

•387778 

•867 

•261284 

•830673 

•422 

•815016 

•364343 

•477 

•369707 

•388081 

•868 

•2G2248 

•831351 

•423 

•316004 

•364878 

•478 

•870706 

•388377 

•869 

•263218 

•382027 

•424 

•316992 

•865410 

•479 

•371704 

•388669 

•870 

•264178 

•332700 

•426 

•817981 

•866989 

•480 

•872704 

•388951 

RULES  FOR  FINDING  THE  AREA  OF  A  CIRCULAR  ZONE,  ETC.      67 


Height. 

~^r 

•482 

•483 
•484 
•435 

•486 

•487 
•488 
•489 
•490 


Atm  of  S«g. 


•373703 
•874702 
•376702 
•376702 
•877701 

•378701 
•379700 
•880700 
•381699 
•382699 


Area  of  Zone. 


•389228 
•389497 
•389759 
•390014 
•390261  \ 

•390500 
•390730 
•390968 
•391166 
•391870 


Height 


•491 

•492 
•493 
•494 
•495 


Area  of  8«g. 


•383699 
•384699 
•385699 
•386699 
•887699 


Area  of  Zone, 


•391564 
•391748 
•891920 
•392081 
•892229 


Height. 


•496 
•497 
•498 
•499 
•600 


Ar«a  of  8eg. 


AreaofZono. 


•388699 
•389699 
•390699 
•391699 
•892699 


•392362 
•892480 
•392580 
•392657 
•392699 


To  find  the  area  of  a  segment  of  a  circle. 

Rule. — Divide  the  height,  or  versed  sine, 

by  the  diameter  of  the  circle,  and  find  the 

quotient  in  the  column  of  heights. 

Then  take  out  the  corresponding  area,  in  the  column  of  areas, 

and  multiply  it  by  the  square  of  the  diameter ;  this  "will  give  the 

area  of  the  segment. 

Required  the  area  of  a  segment  of  a  circle,  whose  height  is  3^ 
feet,  and  the  diameter  of  the  circle  50  feet. 

8i  =  8-25;  and  3-25  ^  60  =  -065. 
•065,  by  the  Table,  =  -021659 ;  and  -021659  X  50*  =  54-147500, 
the  area  required. 

To  find  the  area  of  a  circular  zone. 
Rule  1. — ^When  the  zone  is  less  than  a  semi-circle,  divide  the 
height  by  the  longest  chord,  and  seek  the  quotient  in  the  column 
of  heights.     Take  out  the  corresponding  area,  in  the  next  column 
on  the  right  hand,  and  multiply  it  by  the  square  of  the  longest  chord. 
Required  the  area  of  a  zone  whose  longest  chord  is  50,  and  height  15. 
15  -5-  50  =  -300 ;  and  -300,  by  the  Table,  =  -280876. 
Hence  -280876  X  50*  ==  702-19,  the  area  of  the  zone. 
Rule  2. — ^When  the  zone  is  greater  than  a  semi-circle,  take  the 
height  on  each  side  of  the  diameter  of  the  circle. 

Required  the  area  of  a  zone,  the  diameter  of  the  circle  being  50, 
and  the  height  of  the  zone  on  each  side  of  the  line  which  passes 
through  the  diameter  of  the  circle  20  and  15  respectively. 

20  -5-  50  =  -400 ;  -400,  by  the  Table,  =  -351824 ;  and  -851824  X 
g()2  ^  879-56. 

15  -T-  50  ='-300 ;  -300,  by  the  Table,  =-280876 ;  and  -280876  x 
60*  =  702-19.  Hence  879-56  +  702-19  =  1681-76. 

Approximating  rule  to  find  the  area  of  a  segment  of  a  circle. 

Rule. — Multiply  the  chord  of  the  segment  by  the  versed  sine, 
divide  the  product  by  3,  and  multiply  the  remainder  by  2. 

Cube  the  height,  or  versed  sine,  find  how  often  twice  the  length 
of  the  chord  is  contained  in  it,  and  add  the  quotient  to  the  former 
product ;  this  will  give  the  area  of  the  segment  very  nearly. 

Required  the  area  of  the  segment  of  a  circle,  the  chord  being  12, 

and  the  versed  sine  2. 

24 
12  X  2  =  24;  y  =  8;  and  8  X  2  =  16. 

2'  -^  24  =  •8333. 
Hence  16  +  •3333=16-3333,  the  area  of  the  segment  very  nearly. 
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PBOPOBTIONS  07  THE  LENGTHS  OF  OISCULAR  ABCS. 


Heicbt 

ir 

Hyi 

Uyh 

B^, 

1^ 

Height 

^ 

"r 

•^ 

Axe 

Aft 

Ak. 

Arc 

Ai«. 

Arc. 

Alt. 

Ak. 

Are. 

Arc 

•100 

102646 

-181 

1-08619 

•261 

1-17276 

-841 

1-28683 

^1 

1-42041 

•101 

1^02e98 

•182 

1-08611 

•262 

1-17401 

•342 

1-28739 

•422 

1-42-222 

•10-2 

102762 

•183 

108704 

■263 

117527 

•843 

1-28896 

•428 

1-42102 

•103 

1-02806 

•184 

1-08797 

•264 

117666 

•344 

1-29052 

•424 

1-42683 

•104 

102860 

•186 

1-08890 

•266 

1-17784 

•346 

1-29209 

-425 

1-42764 

•105 

1-02914 

•186 

1-08984 

•266 

117912 

•846 

1-29366 

-426 

1^4-2946 

•106 

1-02970 

•187 

1-09079 

•267 

118040 

•347 

1*29523 

•427 

1-43127 

•107 

1-03026 

•188 

1-09174 

•268 

118162 

•M8 

1-29681 

•428 

1-43309 

•108 

1-03082 

•189 

1-09269 

•269 

118294 

•349 

1-29839 

^429 

1-43181 

•109 

1^03139 

•190 

1-09366 

^270 

118428 

•350 

1-29997 

-480 

1*43678 

•110 

1-03196 

•191 

1-09461 

•271 

1-18557 

•361 

1-30166 

•431 

1-43856 

•111 

1-03264 

•192 

1-09567 

•272 

1-18688 

•862 

1-80316 

•482 

1-44039 

•112 

1-03312 

•193 

1-09664 

-278 

1-18819 

•363 

1-30474 

•433 

1-44-222 

•113 

1-03371 

•194 

1-09762 

•274 

1-18969 

•864 

1-30634 

•484 

1-44406 

•114 

1-03430 

•196 

1-09850 

•276 

1-19082 

•866 

1-80794 

•486 

1-44689 

•115 

1-03490 

•196 

1-09940 

•276 

119214 

•856 

1-30964 

•436 

1-44778 

•116 

1-03661 

•197 

1-10048 

•277 

1-19346 

•867 

1-81116 

•437 

1-44967 

•117 

1-03611 

•198 

1-10147 

•278 

1-19477 

■368 

1-31276 

•438 

1-46142 

•118 

1-03672 

•199 

110247 

•279 

1-19610 

•369 

131437 

•430 

1-46827 

•119 

1-03734 

•200 

1*10348 

•280 

1-19743 

•860 

1-31599 

•440 

1-46612 

•120 

1-08797 

•201 

1-10447 

•281 

1-19887 

•361 

1-31761 

•441 

1-46697 

•121 

l-038eX) 

•202 

1-10648 

•282 

1-200U 

•362 

1-81928 

•442 

1-45888 

•122 

1-039-23 

•203 

110660 

•283 

1-20146 

•868 

1-32086 

•448 

1-46060 

•123 

1-08987 

•204 

1-10762 

•284 

1-20282 

•864 

1-82249 

•444 

1-46266 

•124 

1-04051 

•206 

110856 

•285 

1-20419 

-366 

1-32413 

•445 

1-46441 

•126 

1-04116 

•206 

1*10968 

•286 

1-20668 

•866 

1-82677 

•446 

1-46628 

•126 

1-04181 

•207 

1-11062 

•287 

1-20696 

•367 

1-32741 

•447 

1-4C816 

•127 

1-04247 

•208 

111166 

•288 

1-20828 

•868 

1-32906 

•448 

1-47002 

•128 

1-04313 

•209 

1-11269 

•289 

1-20967 

-860 

1-38069 

•449 

1-47189 

•129 

1-04880 

•210 

1-11874 

•290 

1-21202 

•870 

1-33234 

•460 

1-47377 

•130 

1-04447 

•211 

1-11479 

•291 

1-21239 

•371 

1-33399 

•461 

1-47666 

•131 

1-04616 

•212 

1^11684 

f292 

1-21381 

•872 

1-83604 

•462 

1-47763 

•132 

1-04584 

•213 

1-11692 

-293 

1-21620 

•873 

1-38730 

-463 

1-47942 

•133 

1*04652 

•214 

111796 

•294 

1^21668 

•874 

1-38896 

•464 

1-48131 

•134 

1-04722 

216 

1*11904 

•296 

1-21794 

•876 

1-84063 

•466 

1-48320 

•186 

1*04792 

•216 

1*12011 

•296 

r21926 

•876 

1-34229 

•466 

1-48509 

•136 

1-04862 

•217 

112118 

•297 

1-22061 

•877 

1-34396 

•467 

148699 

•137 

1-04932 

•218 

112226 

•298 

1-22208 

•378 

1-34663 

•468 

1-488S9 

•138 

1-06003 

•219 

1-12834 

•299 

1-22347 

-879 

1-34731 

•469 

1-49079 

•139 

1-06076 

•220 

112446 

•800 

1-22496 

•380 

1-84899 

-460 

1-49269 

•140 

1-06147 

•221 

112666 

•301 

1-22636 

•381 

1-36068 

•461 

1-49460 

•141 

1-06220 

•222 

1-12663 

•802 

1^22776 

•382 

1-85287 

•462 

1-49651 

•142 

1-05293 

•223 

1*12774 

•803 

1^22918 

•383 

1-86406 

•463 

1-49842 

•143 

1-06367 

•224 

112886 

•804 

1-23061 

•884 

1-36676 

•464 

1-60033 

•144 

1-06441 

•225 

1*12997 

-805 

1-28206 

•386 

1-36744 

•465 

1-50224 

•146 

1-05516 

*226 

118108 

•806 

1-28340 

•886 

1-86914 

'466 

1-60416 

•146 

1*05691 

•227 

113219 

•807 

1*23494 

•387 

1-36084 

•467 

1-50008 

•147 

1-06667 

•228 

113381 

•808 

1-28686 

•888 

1-86254 

'468 

1-50800 

•148 

1-05743 

•229 

1-18444 

•809 

1-23780 

•889 

1-36426 

•460 

1-60992 

•149 

1-06819 

•230 

113657 

•810 

r2S926 

•390 

1-36596 

•470 

1-51186 

•150 

1-06896 

•231 

l-186n 

•811 

1-24070 

'891 

1-86767 

•471 

1-51378 

151 

1-06973 

•232 

1-18786 

•312 

1*24216 

•392 

1-36939 

'472 

1*61671 

•162 

1-06061 

•238 

113908 

•818 

1*24860 

•393 

1-87111 

•473 

1-51764 

•153 

1-06130 

•284 

1-14020 

•814 

1-24606 

•894 

1-37283 

•474 

1-61958 

•154 

1-06209 

•236 

1-14136 

•316 

1-24664 

•896 

1-37456 

•476 

1-62162 

•166 

1-06288 

•236 

1-14247 

•816 

1-24801 

•896 

1-876-28 

•476 

1-62346 

•166 

1-06368 

•287 

1^14863 

-817 

1-24948 

•897 

1-37R01 

'477 

1-62541 

•157 

1-06449 

•288 

114480 

•318 

1-26096 

•398 

1-37974 

•478 

1-62780 

•158 

1-06630 

•239 

114697 

•819 

1-26243 

•399 

1-38148 

•479 

1-62931 

•169 

1-06611 

•240 

1-14714 

•820 

1-26391 

•400 

1-38322 

•480 

1*63126 

•160 

1-06698 

■241 

114831 

•821 

1-26689 

•401 

1-38496 

•481 

1-63822 

•161 

1-06776 

•242 

1-14949 

•322 

1^26686 

•402 

1-38671 

•482 

1-53618 

•162 

1-06868 

•248 

W606r 

•888 

1^25886 

•408 

1-38846 

•488 

1-68714 

•163 

1-06941 

•244 

1-16186 

•824 

1-26987 

•404 

1-89021 

•484 

1-63910 

•164 

1-07026 

•246 

1-16808 

•326 

1-28187 

•406 

1-39196 

•486 

1-64106 

•166 

1-07109 

•246 

1-16429 

•828 

1-26286 

•406 

1-39872 

•486 

1-64302 

•166 

1-07194 

•247 

1-16649 

•327 

1-26487 

•407 

1-89648 

•487 

1-64499 

•167 

1-07279 

•248 

116670 

•328 

1-26688 

•408 

1-39724 

•488 

1-64696 

•168 

1-07865 

•249 

115791 

•329 

1-26740 

•409 

1-39900 

•489 

1-54893 

•169 

1-07461 

•260 

116912 

•880 

1-26892 

•410 

i-4oon 

•490 

1-66090 

•170 

1-07637 

•261 

116033 

-331 

1-27044 

•411 

1-40254 

•491 

1-55288 

•171 

1-07624 

•262 

116167 

•882 

1-27196 

•412 

1-40432 

•492 

1-56486 

•172 

1-07711 

•263 

1-16279 

•383 

1-27349 

•418 

1-40610 

•493 

1-56686 

•173 

1-07799 

•264 

1-16402 

•834 

1-27602 

-414 

1-40788 

•494 

1-55864 

•174 

1-07888 

•266 

1-16626 

•886 

1-27666 

•416 

1-40966 

•496 

1-66083 

•176 

1-07977 

•266 

116648 

-836 

1-27810 

•416 

1-41146 

-496 

1-56282 

•176 

1-08066 

•267 

1-16774 

•837 

1-27864 

•417 

1-41324 

•497 

1-66481 

•177" 

1-08166 

•268 

1-16899 

•888 

1-28118 

•418 

1-41608 

•498 

1-66680 

•178 

108246 

•269 

117024 

•8S9 

1-28278 

^19 

1-41682 

•490 

1-56879 

•179 

1-08337 

•860 

117160 

•340 

1-28428 

•420 

1-41861 

•600 

1-67079 

•180 

1-08428 
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PROPORTIONS   OF  THE  LENGTHS  OF  SEMI- 
ELLIPTIC  ARCS. 


Height 

Length  of 

Height     Jj 

ength  of  II 

Height 

Length  of 

Height 

Length  of     H 

eight 

Length  of 

ofAK. 

Are. 

of  Arc 

Arc. 

of  Arc. 

Aro. 

of  Aro. 

Arc.          0 

f  Arc. 

Arc. 

•100 

104162 

-167     1 

10113 

•2V4 

1-66678 

-271 

1-23836 

328 

1.31472 

•101 

1-04262 

-168    1 

10224 

-216 

1-16799 

•272 

1-23986 

329 

1-31610 

•102 

1-04362 

-169    1 

10336 

•216 

1-16920 

-273 

1-24097 

330 

1-31748 

•103 

1-04462 

-160    1 

10447 

•217 

1-17041 

•274 

1-24228 

331 

1-31886 

•104 

1-04662 

-161     1 

10560 

•218 

1-17163 

•275 

1-24359 

332 

1-32024 

■105 

1.04662 

•162     1 

10672 

•219 

1-17285 

•276 

1-24480 

833 

1-32162 

•106 

1-04762 

•163     1 

10784 

-220 

1-17407 

-277 

1-24612 

334 

1-32300 

•107 

1-04862 

•164    1 

10896 

•221 

1-17529 

-278 

1-24744 

336 

1-32438 

108 

1-04962 

-165    1 

11008 

•222 

1-17651 

•279 

1-24876 

336 

1-32676 

•109 

1-05063 

•166    1 

11120 

•223 

1-17774 

•280 

1-26010 

337 

1-32716 

-110 

1-05164 

-167     1 

11232 

•224 

1-17897 

•281 

1-25142 

338 

1-32864 

-111 

105265 

-168    1 

11344 

•225 

1-18020 

•282 

1-25274 

339 

1-32993 

112 

1-05366 

-169     1 

11466 

-226 

118143 

-283 

1-26406 

340 

1-83132 

113 

1-05467 

•170    1 

11669 

-227 

1^18266 

•284 

1-26638 

341 

1-33272 

•114 

1-06568 

•171     1 

11682 

•228 

1  •18390 

•285 

1-25670 

342 

1-33412 

115 

1-06669 

•172    1 

11796 

-229 

1^18614 

•286 

1-25803 

343 

1-33552 

•116 

1-05770 

•173    1 

11908 

-230 

1^18638 

•287 

1-25936 

344 

1-33692 

•117 

1-05872 

•174    1 

12021 

•231 

1-18762 

•288 

1-26069 

346 

1-33833 

•118 

1-06974 

•175    1 

12184 

•282 

1^18886 

•289 

1-26202 

346 

1-33974 

■119 

1-06076 

•176    1 

12247 

•238 

1-19010 

•290 

1-26335 

347 

1-34116 

•120 

1-06178 

•177    1 

12360 

•234 

1-19134 

-291 

1-26468 

348 

1-34256 

121 

1-06280 

•178    1 

12473 

•235 

1-19268 

•292 

1-26601 

349 

1-34397 

•122 

1-06382 

•179    1 

12686 

•236 

1-19382 

•293 

1-26784 

350 

1-34689 

•123 

1-06484 

•180    1 

12699 

•237 

1-19606 

-294 

1-26867 

851 

1-34681 

124 

1-06586 

•181     1 

12813 

•238 

1-19630 

•296 

1-27000 

.362 

1-34823 

•125 

1-06689 

•182    1 

12927 

•239 

1  •19755 

•296 

1-27133 

363 

1-34966 

•126 

1-06792 

•183    1 

13041 

•240 

1-19880 

•297 

1-27267 

354 

1-85108 

•127 

1-06896 

-184    1 

18166 

•241 

1-20005 

-298 

1-27401 

365 

1-85251 

•128 

1-06998 

-185    1 

13269 

•242 

1-20130 

•299 

1-27635 

356 

1-35394 

•129 

1-07001 

-186    1 

13383 

•243 

1-20256 

-300 

1-27669 

357 

1-35537 

■180 

1-07204 

-187    1 

13497 

•244 

1-20380 

-801 

1-27803 

368 

1-35680 

•131 

1-07308 

-188    1 

13611 

•245 

1-20506 

•302 

1-27937 

359 

1  •35823 

m32 

1-07412 

•189    1 

13726 

•246 

1-20632 

-303 

1-28071 

360 

1-35967 

•133 

1-07516 

-190    1 

13841 

-247 

1-20768 

-304 

1-28205 

361 

1-36111 

•134 

1-07621 

•191     1 

18956 

•248 

1-20884 

-306 

1-28339 

362 

1-36265 

•135 

1-07726 

•192    1 

14071 

•249 

1-21010 

•306 

1-28474 

-868 

1-36399 

•136 

1-07831 

•193    1 

14186 

•250 

1-21136 

•307 

1-28609 

364 

1-36543 

•137 

107937 

•194    1 

14301 

•251 

1-21263 

-308 

1-28744 

366 

1-36688 

•138 

108043 

•195    1 

14416 

•262 

1-21890 

-309 

1-28879 

366 

1-36883 

•139 

1-08149 

•196    1 

14631 

•253 

1-21617 

•310 

1-29014 

367 

1-36978 

•140 

1^08255 

•197     1 

14646 

•264 

1.21644 

-311 

1-29149 

368 

1-37123 

•141 

1-08862 

•198    1 

14762 

•266 

1-21772 

•312 

1-29285 

369 

1-37268 

•142 

1-08469 

•199    1 

14888 

•266 

1-21900 

•318 

1-29421 

370 

1-37414 

•143 

1-08676 

•200    1 

15014 

•257 

1-22028 

•314 

2-29557 

371 

1-37662 

-144 

1^08684 

•201     1 

15131 

•258 

1-221661 

•316 

1-29603 

372 

1-37708 

•145 

1^08792 

•202    1 

16248 

•269 

1-222841 

-316 

1-29829 

373 

1-37854 

•146 

1-08901 

•203    1 

15366 

•260 

1-22412 

•317 

1-29965 

374 

1-88000 

•147 

1-09010 

•204    1 

16484 

•261 

1-22641 

•318 

130102 

375 

1-38146 

•148 

1-09119 

•205    1 

16602 

•262 

1-22670 

•819 

1-30239 

376 

1-38292 

•149 

1-09228 

•206    1 

16720 

•263 

1-22799 1 

•820 

1-30376 

377 

1-38439 

-150 

1-09330 

•207     1 

15838 

•264 

1-22928 

•321 

1-30513 

378 

1  •38585 

•151 

1-09448 

•208    1 

15967 

•266 

1-23067  j 

-322 

1-30650 

379 

1-38732 

•152 

1-09558 

-209    1 

16076 

•266 

1-23186, 

•323 

1-30787 

880 

1-38879 

•153 

1-09669 

•210    1 

16196 

•267 

1-23316 

-324 

1-30924 

381 

1-89024 

•154     1-09780 

•211     1 

16316 

•268 

1-23445 

•325 

1-31061 

382 

1^39I09 

•155     109891 

•212     1 

16436 

•269 

1-23575 

-326 

1-31198 

383 

1-39314 

j  -156     1-10002 

•213     1 

16557 

•270 

123705 

•327 

1-31335 

384 

1-39469 
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THE   PRACTICAL   MODEL   CALCULATOR. 


Height 

Length  of 

Height 

Length  of 

'  Height 

Length  of 

Height 

Length  of 

Height 

Length  of 

of  Arc. 

•385 

Arc. 

of  Arc. 

Arc. 

1^48850 

.  of  Arc. 

Are. 

of  Arc. 

Are. 

of  Are. 

Arc. 

1  •39605 

•447 

•609 

1^68474 

•671 

1-68195 

-688 

1^78172 

•886 

1^39751 

•448 

1-49003 

•610 

1-58029 

•672 

1-68354 

-684 

1-78835 

•887 

1  •89897 

•449 

1^49167 

•611 

1-68784 

•573 

1-68513 

•636 

1^78498 

•888 

1  •40043 

•460 

1^49311 

•612 

1-58940 

•674 

1-68672 

-686 

1  •78660 

•889 

1  •40189 

•451 

1-49465 

•513 

1-69096 

•676 

1-68831 

-687 

1^78823 

•890 

1^40385 

•452 

1^49618 

•614 

1  •59262 

•676 

1-68990 

-638 

1  •78986 

•891 

1^40481 

•453 

1^49771 

•616 

1  •59408 

•677 

1-69149 

-689 

1-79149 

•392 

1^40627 

•454 

1^49924 

•616 

1-69664 

-678 

1-69308 

•640 

1-79312 

-393 

1^40773 

•456 

1-60077 

•617 

1-69720 

-679 

1^69467 

•641 

179475 

•894 

1^40919 

•466 

1-50230 

•618 

1  •69876 

-680 

1^69620 

•642 

1  •79638 

•895 

1-41065 

•467 

1-60383 

•619 

1-60082 

-681 

1-69785 

•648 

1-79801 

•396 

1-41211 

•458 

1^60536 

•620 

1-60188 

•682 

1-69945 

•644 

1-79964 

•397 

1^41357 

•459 

1  •50689 

•621 

1  •60344 

•683 

1-70105 

•646 

1^80127 

•398 

1-41504 

•460 

1-60842 

•622 

1  •60500 

•684 

1-70264 

•646 

1-80290 

•399 

1^41661 

•461 

1^60996 

•623 

1-60656 

•585 

1-70424 

•647 

1-80454 

•400 

1^41798 

•462 

1^61 150 

•624 

1^60812 

•686 

1-70584 

-648 

1  •80617 

•401 

1^41945 

•468 

1  •61304 

625 

1^60968 

•587 

1-70745 

-649 

1-80780 

•402 

1^42092 

•464 

1  61468 

•526 

1-61124 

•688 

1  •70905 

•650 

1  •80943 

•403 

1^42289 

•465 

1-61612 

•527 

1^61280 

•589 

1  •71065 

•651 

1^81107 

•404 

1  •42380 

•466 

1-51766 , 

•628 

1-61436 

•590 

1-71225 

•652 

1-81271 

•405 

1^42533 

•467 

1-51920 , 

•629 

1-61592 

•691 

1^71280 

•653 

1-81435 

•406 

1  •42681 

468 

162074 

•580 

1-61748 

•692 

1^71540 

•654 

1-81599 

•407 

1^42829 

•469 

1-522291 

•631 

1-61904 

-593 

b71707 

•655 

1-81763 

•408 

1^42977 

•470 

1  •52384' 

•632 

1^62060 

•594 

1-71868 

•656 

1-81928 

•409 

1-43125 

.471 

1  •62539 

•633 

1^62216 

•596 

1^72029 

•657 

1-82091 

•410 

1-43273 

.472 

1-62691 

•634 

1^62372 

•596 

1-72190 

•658 

1-82255 

•411 

1-43421 

.478 

1^52849 

•635 

1-62528 

•697 

1-72350 

•659 

1-82419 

•412 

1-48509 

.474 

1-63004 

.636 

1^62684 

•598 

1-72511 

•660 

1 •82583 

•418 

1-43718 

.475 

1-63169 

•537 

1^62840 

•599 

1^72672 

•661 

1-82747 

•414 

1-43807 

.476 

1-53314 

•638 

1-62990 

•600 

1-72833 

•662 

1-82911 

•415 

1-44010 

.477 

1-53469 

•539 

1-63152 

•601 

1-72994 

•668 

1-83075 

•416 

1^44105 

.478 

1-53025 

.540 

1-63309 

•602 

1-73155 

•664 

1-83240 

•417 

1^44314 

.479 

1-53781 

.541 

1-63405 

•603 

1-73310 

•665 

1-83404 

•418 

1  •44463 

.480 

1-63937 

•542 

1-63623 

•004 

1-73477 

•666 

1-83508 

•419 

1^44613 

.481 

1-54093 

•543 

1^63780 

•605 

1-78088 

•667 

1-83733 

•420 

1^44763 

.482 

1-54249 

.544 

1  •63937 

•606 

1-73799; 

•668 

1-83897 

•421 

1^44913 

.483 

1-54405 

545 

1  •64091 

•607 

b73900 

•609 

1-84001 
1-84220 

•422 

1^45064 

.484 

1-54561 

.646 

1^64251 

•608 

1-74121 

•670 

•423 

1-46214 

.485 

1^54718 

•547 

1^64408 

•609 

1^74283 

•671 

1-84391 

•424 

1  •45301 

.480 

1-64876 

•548 

1-64505 

•610 

1-74444  1 

•672 

1-84550 

•425 

1-45515 

.487 

1-55032 

•549 

1-64722 

-611 

1-74005 

-673 

1-84720 

•420 

1-45605 

.488 

1-55189 

•650 

r64879 

•612 

1-74707 

•674 

1-84885 

•427 

1-45815 

.489 

1-55346 

•651 

1-65036 

•613 

1-74929 

•676 

1-85050 

•428 

1-46900 

.490 

1-55503 

•552 

1-66193 

•614 

1-75091: 

•676 

1-85215 

•429 

1-40167 

.491 

1-55660 

-653 

1-65350 

•616 

1-75252 

•677 

1-85379 

•430 

1-40268 

.492 

1-55817 

•554 

1-65507 

•616 

1-75414 

•678 

1-85544 

•431 

1^40419 

.493 

1-65974 

•555 

1-65665 

•617 

1-75570 

•679 

1-85709 

•432 

1-40570 

.494 

1-56131 

•666 

1-65823 

•618 

1-75738 

•680 

1-85874 

•433 

1^40721 

.495 

1-66289 

•657 

1-65981 

•619 

1-75900 

•081 

1^80039 

•434 

1^40872 

•496 

1-66447 

-558 

1-66139 

•620 

1-70002 

•682 

1-80205 

•435 

1^47023 

.497 

1-56605 

-559 

1-66297 

•621 

1-70224 

-683 

1-80370 

•436 

1-47174 

.498 

1-56763 

-500 

1-66455 

-622 

1-70380 

-684 

1-80535 

•437 

1-47320 

.499 

1-50921 

•501 

1-66613 

•623 

1-70548 

•685 

1-80700 

•438 

1-47478 

.500 

1-57080 

•562 

1-66771 

•624 

1-70710 

•680 

1-80860 

•439 

1-47030 

.601 

1-57234 

•663 

1-66929 

•625 

1-70872 

•087 

1-87031 

■440 

1-47782 

•502 

1-67389 

•664 

1^67087 

•620 

1-77034 

•088 

1-87190 

•441 

1-47934 

•503 

1-57541 

-505 

1-67245 

•627 

1-77197 

•089 

1-87:J02 

•442 

1-4S080 

.504 

1-57099 

-566 

1-07403 

-628 

1-77359 

-090 

1-87527 

•443 

1-48238 

•505 

1-57854 

-507 

1-07501 

•620 

1-77521 

•091 

l-87«;93 

-444 

1 -4^391 

.500 

1 -58001); 

•508 

1-07710 

•630 

1-77081 

-092 

1-87859 

•44o 

1  •48544 

•507  I  1^58104i 

•569 

1-07877 

•631 

1-77847 

•093 

1-8S024 

•440 

1-48097 

1    508  !  1-58319! 

•570 

1-08030 

•632 

1-78009 

•094 

1-88190 

PK0P0RTI0N8  OF  THB  LENGTHS  OF  6EMI-ELLIPTIC  ARCS. 
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Height 

Ijtngthof 

Baisht 

Length  of 

Height 

Length  of 

ii«ight 

Length  of 

Height  !  Length  of 

of  Arc. 

Arc. 

of  Arc. 

Arc. 

of  Arc. 

Arc. 

of-fVrc. 

Arc. 

of  Arc.          Arc. 

1 

•696 

1  •88356 

•767 

1-98794 

•818 

2-09360 

•879 

2-20292 

•940  1  2-31479 

-696 

1^88522 

•768 

1-98964 

•819 

2-09536 

•880 

2-20474 

•941 

2-31666 

•697 

1-88688 

•759 

1-99134 

•820 

2-09712 

•881 

2-20666 

•942 

2-31862 

•698 

1-88854 

-760 

1-99806 

•821 

2-09888 

•882 

2-20839 

•943  ,  2^32038  1 

•699 

1-89020 

•761 

1-99476 

-822 

210006 

•883 

2-21022 

•944 

2-32224 

•700 

1  •89186 

•762 

1-99647 

•828 

2-10242 

•884 

2-21205 

•946 

2-32411 

•701 

1-89352 

•768 

1-99818 

•824 

2-10419 

•886 

2-21888 

•946 

2-32698 

•702 

1-89519 

•764 

1-99989 

•825 

2-10596 

•886 

2-21571 

-947 

2-32785 

•703 

1-89685 

•766 

200160 

-826 

210773 

•887 

2-21754 

•948 

2-32972 

•704 

1-89851 

•766 

200831 

•827 

2-10960 

•888 

2-21987 

•949 

2^83160 

•706 

1-90017 

•767 

2-00502 

•828 

2-11127 

•889 

2-22120 

•960 

2-38848 

•706 

1-90184 

•768 

2-00673 

•829 

2-11304 

•890 

2^22803 

•961 

2-83587 

•707 

1-90350 

•769 

200844 

•880 

2-11481 

•891 

2-22486 

•952 

2-33726 

•708 

1-90517 

•770 

201016 

•881 

2-11659 

•892 

2^22670 

•953 

2-88916 

•709 

1-90684 

-771 

2-01187 

•882 

2-11837 

•893 

2-22854 

•964 

284104 

•710 

1-90852 

•772 

2-01369 

•838 

2-12016 

•894 

2^23038 

•955 

2-34298 

•711 

1-91019 

•778 

2-01631 

•834 

2-12198 

•896 

2-28222 

•966 

2-34488 

•712 

1-91187 

•774 

2-01702 

•835 

2-12871 

•896 

2-28406 

•967 

2-34673 

•713 

1-91355 

•776 

2-01874 

•836 

2-12549 

•897 

2-23590 

•958 

2-34862 

•714 

1-91523 

•776 

2-02045 

•837 

2  12727 

•898 

2-28774 

•959 

2-35051 

•716 

1-91691 

•777 

2-02217 

•838 

2-12906 

•899 

2-23958 

•960 

2-35241 

•710 

1-91869 

•778 

2-02389 

•889 

2-13088 

•900 

2-24142 

•961 

2-85481 

•717 

1-92027 

•779 

202661 

•840 

2-13261 

•901 

2-24326 

•962 

2-36621 

•718 

1-92196 

•780 

2-02733 

•841 

2.13489 

•902 

2-24508 

•963 

2-36810 

•719 

1-92363 

•781 

2-02907 

•842 

2-13618 

•903 

2-24691 

•964 

2-86000 

•720 

1-92531 

•782 

203080 

•843 

2-13797 

•904 

2.24874 

•965 

2-36191 

•721 

1-92700 

•783 

2-03252 

•844 

2-13976 

•905 

2-25067 

•966 

2^3G381 

•722 

1-92868 

•784 

2-03426 

•846 

2.14166 

•906 

2-25240 

•967 

2^36571 

•723 

1^93036 

-786 

2-08598 

•846 

2-14334 

•907 

2.26428 

•968 

2-36762 

•724 

1-93204 

•786 

2-08771 

•847 

2-14613 

•908 

2-26606 

•969 

2-30952 

•725 

1  •93373 

•787 

2-08944 

•848 

2-14692 

•909 

2-25789 

•970 

2^37148 

•726 

1^93541 

•788 

2-04117 

-849 

2-14871 

•910 

2-25972 

•971 

2  •37334 

•727 

1-93710 

•789 

2-04290 

•850 

2-16060 

•911 

2-26156 

•972 

2^37525 

-728 

1-93878 

•790 

2-04462 

•851 

2-16229 

•912 

2-26338 

•978 

2-37716 

•729 

1-94046 

•791 

204636 

•862 

2-16409 

•913 

2-26621 

•974 

2-37908 

•730 

1-94215 

•792 

2-04809 

•868 

2-15589 

•914 

2-26704 

•976 

2^38100 

•731 

1-94383 

•793 

2-04983 

•864 

2-15770 

•916 

2-26888 

•976 

2-38291 

•732 

1-94562 

•794 

2-05167 

•866 

2-15960 

•916 

2-27071 

•977 

2-38482 

•733 

1-94721 

•796 

2-06381 

•866 

2-16130 

•917 

2-27254 

•978 

2-38673 

•734 

1-94890 

•796 

206506 

•867 

2-16809 

•918 

227487 

•979 

2-38864 

•736 

1-95069 

•797 

2-06679 

•868 

2-16489 

•919 

2-27620 

•980 

2-39065 

•736 

1-95228 

•798 

2-05868 

•869 

2-16668 

•920 

2-27803 

-981 

2-39247 

•737 

1-96397 

•799 

206027 

•860 

2-16848 

•921 

2-27987 

•982 

2^39439 

•788 

1-95566 

•800 

2-06202 

•861 

2-17028 

•922 

2-28170 

•983 

2^89681 

•789 

1-96735 

•801 

2-06877 

•862 

2-17209 

•923 

2-28354 

•984 

2-89823 

•740 

1-95994 

•802 

2-06552 

•863 

217889 

•924 

2-28687 

•986 

2-40016 

•741 

1-96074 

•803 

2-06727 

•864 

2-17670 

•926 

2-28720 

•986 

2-40208 

•742 

1-96244 

•804 

2-06901 

•865 

2-17761 

•926 

2-28908 

•987 

2-40400 

•743 

1-96414 

•805 

2-07076 

-866 

2-17932 

•927 

2-29086 

-988 

2-40592 

•744 

1-96583 

•806 

2-07261 

•867 

2-18113 

•928 

2-29270 

•989 

2^40784 

•746 

1-96758 

•807 

2-07427 

•868 

2-18294 

•929 

2-29453 

•990 

2^40976 

•746 

1-96923 

•808 

2-07002 

•869 

2-18475 

•930 

2-29636 

•991 

2-41169 

•747 

1-97093 

•809 

2-07777 

•870 

218656 

•931 

2-29820 

•992 

2-41362 

•748 

1-97262 

•810 

207963 

•871 

2-18837 

-932 

2-80004 

•993 

2-41566 

•749 

1-97482 

•811 

2-08128 

•872 

2-19018 

-933 

2-30188 

-994 

2^41749 

•760 

1-97602 

•812 

2-08304 

•878 

2-19200 

-934 

2-80373 

•996 

2-41943 

•751 

1-97772 

-813 

2-08480 

•874 

2-19882 

•935 

2-80557 

•996 

2-42136 

•752 

1-97943 

•814 

2-08656 

•875 

2-19564 

-936 

2-30741 

•997    2-42329  1 

•753 

1-98113 

•816 

2-08882 

•876 

2-19746 

•937 

2-30926 

•998 

2-42522 

-754 

1-08283 

•816 

2-09008 

•877 

2-19928 

•938 

231111 

•999 

2-42716 

•755 

1-98453 

•817 

2-09198 

•878 

2-20110 

•939 

2-31296 . 

•1000 

2-42908 

•756 

1-98623 

1 

72   '         THE  PRACTICAL  MOBBL  CALCULATOR. 

To  find  the  length  of  an  arc  of  a  circle,  or  the  curve  of  a  rigid 
semi-ellipse. 

Rule. — Divide  the  height  by  the  base,  and  the  quotient  will  be 
the  height  of  an  arc  of  which  the  base  is  unity.  Seek,  in  the 
Table  of  Circular  or  of  Semi-elliptical  arcs,  as  the  case  may  be, 
for  a  number  corresponding  to  this  quotient,  and  take  the  length 
of  the  arc  from  the  next  right-hand  column.  Multiply  the  number 
thus  taken  out  by  the  base  of  the  arc,  and  the  product  will  be  the 
length  of  the  arc  or  curve  required. 

hi  a  Bridge,  suppose  the  profiles  of  the  arches  are  the  arcs  of 
circles ;  the  span  of  the  middle  arch  is  240  feet  and  the  height  24  feet ; 
required  the  length  of  the  arc. 

24  -5-  240  «  -100 ;  and  -100,  by  the  Table,  is  1-02645. 

Hence  1-02645  X  24  =  246-34800  feet,  the  length  required. 

The  profiles  of  the  arches  of  a  Bridge  are  all  equal  and  similar 
semi-ellipses ;  the  span  of  each  is  120  feet,  and  the  rise  18  feet ; 
required  the  length  of  the  curve. 

28  -5- 120  =  -233 ;  and  -233  by  the  Table,  is  1-19010. 

Hence  1-19010  x  120  ^  142-81200  feet,  the  length  required. 

In  this  example  there  is,  in  the  division  of  28  by  120,  a  remainder 
of  40,  or  oi^e-third  part  of  the  divisor ;  consequently,  the  answer, 
142-81200,  is  rather  less  than  the  truth.  But  this  diflference,  in 
even  so  large  an  arch,  is  little  more  than  half  an  inch ;  therefore, 
except  where  extreme  accuracy  is  required,  it  is  not  worth  com- 
puting. 

These  Tables  are  equally  useful  in  estimating  works  which  may 
^e  carried  into  practice,  and  the  quantity  of  work  to  be  executed 
from  drawings  to  a  scale. 

As  the  Tables  do  not  afibrd  the  means  of  finding  the  lengths  of 
the  curves  of  elliptical  arcs  which  are  less  than  half  of  the  entire 
figure,  the  following  geometrical  method  is  given  to  supply  the 
defect. 

Let  the  curve,  of  which  the  length  is  required  to  be  found,  be 
ABC. 


^/ 

d 

'c 

\    ..•■"■'^ ' 

9 
Produce  the  height  line  Bd  to  meet  the  centre  of  the  curve 
in  g.  Draw  the  right  line  A^,  and  from  the  centre  g^  with  the 
distance  gB  describe  an  arc  BA,  meeting  Ag  in  h.  Bisect  AA 
in  iy  and  from  the  centre  g  with  the  radius  gi  describe  the  arc  lA, 
meeting  dB  produced  to  k ;  then  ik  is  half  the  arc  ABC. 


TABLE  OV  BECIPBOOALS  OF  NUMBSBS. 
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A  Table  of  the  Reciprocals  of  Numbers;  or  the  Decimal  Fbac- 
TIONS  corresponding  to  VULGAB  Fbactions  of  which  the  Numera- 
tor is  unity  or  1. 

[In  the  following  Tables,  the  Decimal  fractions  are  Reciprocals 
of  the  Denominators  -of  those  opposite  to  them ;  and  their  product 
is  =  unity. 

To  find  the  Decimal  corresponding  to  a  fraction  having  a  higher 
Nomerator  than  1,  multiply  the  Decimal  opposite  to  the  given  De- 
nominator,  by  the  given  Numerator.  Thus,  the  Decimal  corre- 
sponding to  A  b^iBg  '016625,  the  Decimal  to  \\  will  be  -015625  X 
15  =  -234375.] 


IWtfamor 

Decimal  or 

Fraction  or 

Decimal  or 

Fraoiion  or 

Decimal  or 

Namb. 

Numb. 

Reciprocal. 

Numb. 

Reciprocal. 

1/2 

•6 

1/47 

•0212766 

1/92 

•010869565 

l/'3 

•833333338 

1/48 

•020833333 

1/93 

•010762688 

1/4 

•25 

1/49 

•020408163 

1/94 

•010638298 

1/5 

•2 

1/50 

•02 

1/96 

•010526316 

1/6 

•166666667 

1/51 

•019607843 

1/96 

•010416667 

1/7 

•142857143 

1/52 

•019230769 

1/97 

•010309278 

l/« 

•126 

1/53 

•018867926 

1/98 

•010204082 

1,^ 

•111111111 

1/64 

•018518619 

1/99 

•01010101 

lAO 

•1 

1/55 

•018181818 

1/100 

•01 

1/11 

•090909091 

1/56 

•017857143 

1/101 

•00990099 

1/12 

•083333338 

1'57 

•01754386 

1/102 

•009803922 

1;13 

•076923077 

1/68 

•017241379 

1/103 

•000708738 

1/14 

•071428571 

1/59 

•016949163 

1/104 

•009615385 

1A6 

•066666667 

1/60 

•016666667 

1/106 

•00952381 

1/16 

•0625 

1/61 

•016893443 

1/106 

•009433962 

1/17 

•058823629 

1/62 

•016129032 

1/107 

•009345794 

1.18 

•055655666 

1/G8 

•016873016 

1/108 

•009259259 

1/19 

•062631579 

1/64 

•015625 

1/109 

•009174312 

1/20 

•05 

1/66 

•015384615 

MIO 

•009090909 

L'21 

•047619048 

1/66 

•015161516 

1/111 

•009009009 

1/22 

•045454546 

1/67 

•014925373 

1/112 

•008028571 

1/23 

•043478261 

1/68 

•014705882 

1/113 

•008840558 

1/24 

•041666667 

1/69 

•014492754 

1/114 

•00877193 

1/25 

•04 

1/70 

•014285714 

1/116 

•008005652 

1,'26 

•038461638 

1/71 

•014084517 

1/116 

•00802069 

1/27 

•037037037 

1/72 

•013888889 

1/117 

•008547009 

1/^8 

•035714286 

1/73 

•01369863 

1/118 

•008474576 

1^29 

•034482769 

1/74 

•013513614 

1/119 

•008403361 

1/80 

•088333338 

1/76 

•013333333 

1/120 

•008333333 

131 

•032258065 

1/76 

•013167896 

1/121 

•008264463 

1/32 

•03125 

1/77 

•012987013 

1/122 

•008196721 

1/38 

•080303030 

1/78 

•012820513 

1/123 

•008130081 

1/84 

•029411765 

1/79 

•012658228 

1/124 

•008064616 

1/35 

•028571429 

1/80 

•0125 

1/125 

•008 

1/36 

•027777778 

1/81 

•012346679 

1/126 

•007936608 

1,37 

•027027027 

1/82 

•012195122 

1/127 

•007874016 

1,38 

•026315789 

1/83 

•012048193 

1/128 

•0078126 

l,/89 

•025641026 

1/84 

•011904762 

1A29 

•007751988 

1/40 

•026 

1/85 

•011764706 

1/130 

•007692308 

1/41 

•024390244 

1/86 

•011627907 

1/131 

•007638688 

1/42 

•023809624 

1/87 

•011494253 

1/132 

•007675768 

1.43 

•023265814 

1/88 

•011363636 

1/133 

•007618797 

1/44 

•022727273 

1/89 

•011235966 

1/134 

•007462687 

145 

•022222222 

1/90 

•011111111 

1/135 

•007407407 

L'46 

•02173913 

1/91 

•010989011 

1/136 

•007852941 

G^ 
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Frtction  or 

DecimAl  or 

Fraction  or 

I>ecimal  or 

Fraction  or 

Decimal  or 

Numb. 

Reciprocal. 

Numb. 

Reciprocal. 

Numb. 

Hecii>rocaI. 

1/137 

•00729927 

1/198 

•005050505 

1.259 

•003861004 

1/138 

•007246377 

1/199 

•005026126 

1,260 

•003846154 

1/139 

•007194246 

1/200 

•006 

1261 

•003831418 

1/140 

•007142857 

1  201 

•004975124 

1262 

•003816704 

1/141 

•007092199 

1202 

•004950495 

1263 

•0038U2281 

i;i42 

•007042254 

1203 

•004926108 

1  264 

•003787879 

1/143 

•006993007 

1204 

•004901961 

1  266 

•003773585 

1/144 

•006944444 

1/205 

•004878049 

1,266 

•003759398 

1/145 

•006896552 

1/206 

•004854369 

1/267 

•003745318 

1/146 

•006849316 

1/207 

•004830918 

1/268 

•003731343 

1/147 

•006802721 

1/208 

•004807692 

1/269 

•003717472 

1/148 

•006756757 

1/209 

•004784689 

1,270 

^003703704 

1/149 

•006711409 

1/210 

•004761905 

1/271 

•003G9OO37 

1/150 

•006666667 

1/211 

•004739336 

1/272 

•003676471 

1/161 

•006622517 

1/212 

•004716981 

1273 

•003663004 

1/152 

•006578947 

1,213 

•004694836 

1,274 

•003(J496a5 

1/153 

•006535948 

1.214 

•004672897 

1,275 

•003036364 

1/164 

•006493506 

1/216 

•004651163 

1,276 

•003023188 

1/155 

•006451613 

1/216 

•00402968 

1/277 

•003610108 

1/166 

•006410256 

1/217 

•004608295 

1/278 

•003597122 

1/157 

•006369427 

1/218 

•004587156 

1279 

•003584229 

1/158 

•006329114 

1/219 

•00456621 

1/280 

•003571429 

1/159 

•006289308 

1/220 

•004545455 

1.281 

•003558719 

1/160 

•00625 

1221 

•004524887 

1282 

•003546099 

1/161 

•00621118 

1222 

•004501505 

1/283 

•003533569 

1/162 

•00617284 

1223 

•004484305 

1,284 

•003522127 

1/163 

•006134969 

1224 

•004464280 

1'285 

•003508772 

1/164 

•006097561 

1225 

•004444444 

1/286 

•003496503 

1/166 

•006060600 

1226 

•004424779 

1/287 

•003484321 

1/166 

•006024096 

1  227 

•004405286 

1,'288 

•003472222 

1/167 

•005988024 

1228 

•004885965 

1/289 

•003460208 

1/168 

•005952381 

1,229 

•004366812 

1/290 

•003448276 

1/169 

•00591716 

12:^0 

•004347826 

1/291 

•003436426 

1/170 

•005882353 

1231 

•004329004 

1292 

•003424658 

1/171 

•005847953 

1  282 

•004310345 

1,'293 

•003412969 

1/172 

•005813953 

1.2H3 

•004291845 

1/294 

•003101361 

1/173 

•005780347 

1  234 

•001273604 

1/295 

•00338H831 

1;174 

•005747126 

1,235 

•004265319 

1/296 

•003378378 

1/176 

•005714286 

1,236 

•004237288 

1/297 

•003367003 

1/176 

•005681818 

1,237 

•004219409 

L298 

•003355705 

1/177 

•005649718 

1.238 

•004201681 

1/299 

•003344482 

1/178 

•005617978 

1239 

•0041841 

1,800 

•003383833 

1/179 

•005586592 

1240 

•001166667 

1,301 

•003322259 

1/180 

•005656556 

1/241 

•004149378 

1/302 

•003811268 

1/181 

•005524862 

1  242 

•004132231 

1/303 

•00330133 

1,182 

•005494505 

1243 

•004115226 

1/304 

•003289474 

1/183 

•005464481 

1,244 

•004098861 

r305 

•003278089 

1A84 

•006484783 

1215 

•004081633 

1306 

•003267974 

1/185 

•005405406 

1246 

•004065041 

1/307 

•003257329 

1/186 

•006876344 

1/247 

•004048583 

1,308 

•003246753 

1/187 

•006347594 

1/248 

•004082258 

r309 

•003236246 

1/188 

•005319149 

1.249 

•004016064 

1'310 

•003225806 

1/189 

•006291006 

1  250 

•004 

1,311 

•003215134 

1/190 

•005268158 

r251 

•003984064 

1/312 

•003205128 

1/191 

•005235602 

1252 

•003908254 

1  313 

•003194888 

1/192 

•005208333 

1,253 

•003952569 

1  314 

•003184713 

1/193 

•005181347 

1  254 

•003937008 

1316 

•003174603 

1/194 

•005154639 

1255 

•003921609 

1/316 

•003164557 

1/196 

•006128206 

1256 

•00390626 

1/317 

•003154574 

1/196 

•006102041 

1257 

•003891061 

1/318 

•003144654 

1/197 

•005076142 

1/258 

•003875969 

1,319 

•003134796 

TABLB   OF  BBCIPBOCALS   OF  NUMBERS. 


75 


Fraction  or 

I>edmal  or 

Fntotionor 

I>ecima1  or 

Fnetion  or 

Decimal  or 

Numb. 

Reciprocal. 

Numb. 

Beciprocal. 

Numb. 

Keoiprocal. 

1  320 

•003125 

1/381 

•002624672 

1/442 

•002262443 

1  321 

•003115265 

1/882 

•002617801 

1/448 

•002257836 

1  322 

•00310559 

1/383 

•002610966 

1/444 

•002252252 

1  323 

•003095975 

1/384 

•002604167 

1/446 

•002247191 

1  324 

•00308642 

1/385 

•002697403 

1/446 

•002242162 

1  325 

•003076923 

1386 

•002590674 

1/447 

•002237136 

1  326 

•003067486 

1/387 

•002588979 

1/448 

•002282143 

1327 

•003058104 

1/388 

•00257782 

1/449 

•002227171 

1  :;28 

•00304878 

1/389 

•002670694 

1/460 

•002222222 

1329 

•003089514 

1/390 

•002664108 

1/461 

•002217295 

1330 

•003030308 

1/391 

•002557545 

1/452 

•002212889 

1331 

•003021148 

1/892 

•00256102 

1/468 

•002207606 

1  332 

•003012048 

1/393 

•002544529 

1/464 

•002202648 

1333 

•003003003 

1/394 

•002538071 

1/455 

•002197802 

133-i 

•002994012 

1/395 

•002531646 

1/466 

•002192982 

1  335 

•002986076 

1/396 

•002525268 

1/457 

•002188184 

1336 

•00297619 

1/397 

•002518892 

1/458 

K)02183406 

1.337 

•002967359 

1/398 

•002512668 

1/459 

•002178649 

1/338 

•00295858 

1/309 

•002506266 

1/460 

•002173918 

1.339 

•002949853 

1/400 

•0026 

1/461 

■002169197 

1340 

•002941176 

1/401 

•002493766 

1/462 

•002164502 

1-341 

•002932551 

1/402 

•002487662 

1/468 

•002169827 

1  342 

•002928977 

1/403 

•00248189 

1/464 

•002165172 

1343 

•002916452 

1/404 

•002475248 

1/465 

•002150538 

1  344 

•002906977 

1/405 

•002469136 

1/466 

•002145923 

1345 

•002898551 

1/406 

•002468054 

1/467 

•002141328 

1346 

•002890173 

1/407 

•002457002 

1/468 

•002136752 

1347 

•002881844 

1/408 

•00245098 

1/469  ^ 

•002132196 

1  348 

•002873563 

1/409 

•002444988 

1/470 

•00212766 

1  349 

•00286533 

1/410 

•002439024 

1/471 

•002123142 

1350 

•002857148 

1/411 

•00243309 

1/472 

•002118644 

1  351 

•002849003 

1/412 

•002427184 

1/478 

•002114165 

1  352 

•002840909 

1/413 

•002421308 

1/474 

•002109706 

1353 

•002832861 

1./414 

•002415469 

1/476 

•002105263 

1354 

•002824859 

1/415 

•002409689 

1/476 

•00210084 

1355 

•002816901 

1/416 

•002406846 

1/477 

•002096486 

1  356 

•002808989 

1/417 

•002398082 

1/478 

•00209205 

1357 

•00280112 

1/418 

•002892344 

1/479 

•002087688 

1358 

•002793296 

1/419 

•002386685 

1/480 

•002083383 

1  359 

•002785515 

1/420 

•002380952 

1/481 

•002070002 

1.360 

•002777778 

1/421 

•002375297 

1/482 

•002074689 

1  361 

•002770083 

1/422 

•002369668 

1/488 

•002070398 

1362 

•002762431 

1/423 

•002364066 

1/484 

•002066116 

1363 

•002754821 

1/424 

•002358491 

1/486 

•002061856 

1364 

•002747235 

1/425 

•002852941 

1/486 

•002057613 

1;366 

•002739726 

1/426 

•002347418 

1/487 

•002058388 

1.366 

•00273224 

1/427 

•00284192 

1/488 

•00204918 

1367 

•002724796 

1/428 

•002836449 

1/489 

•00204499 

1  368 

•002717391 

1/429 

•002831002 

1/490 

•002040816 

1  369 

•002710027 

1/430 

•002325581 

1/491 

•00203666 

1370 

•002702703 

1/431 

•002320186 

1/492 

•00208252 

1.371 

•002695418 

1/482 

•002314816 

1/498 

•002028398 

1372 

•002688172 

1/438 

•002309469 

1/494 

•002024291 

1373 

•002680965 

1/434 

•002304147 

1/495 

•002020202 

1374 

•002673797 

1/435 

•002298851 

1/496 

•002016129 

1375 

•002666667 

1/436 

•002293578 

1/497 

•002012072 

1  376 

•002659574 

1/437 

•00228833 

1/498 

•002008032 

1  377 

•00265252 

1/438 

•002283106 

1/499 

•002004008 

1378 

•002645503 

1/439 

•002277904 

1/500 

•002 

1  370 

•002688521 

1/440 

•002272727 

1/601 

•001996008 

1,380 

•002631579 

1/441 

•002267574 

1/602 

•001992082 
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THE  PRACTICAI.  MODEL  CA£OULATOB. 


Fraction  or 

Docimal  or 

Fraction  or 

Decimal  or 

Fraction  or 

Deeimjtl  or 

Numb. 

Keciprocal. 

Numb. 

Reciprocal. 

NnmK 

BeciprocaL 

1/603 

•001988072 

1.564 

•00177806 

1/626 

•0016 

1504 

•001984127 

1565 

•001769912 

1/626 

•001597444 

1.505 

•001980198 

1,566 

•001766784 

1/627 

•001694896 

1)506 

•001976286 

1,567 

•001763068 

1/628 

•001692357 

1,507 

•001972387 

1,508 

•001760668 

1/629 

•001589826 

1/508 

•001968504 

1569 

•001757469 

1/680 

•001687302 

1509 

•001904637 

i;570 

•001764386 

1/631 

•001684786 

1510 

•001960784 

1,571 

•001761318 

1/632 

•001682278 

i/bll 

•001956947 

1,572 

•001748262 

1/688 

•001679779 

1/512 

•001953125 

1/573 

•001745201 

1/684 

•001677287 

1,513 

•001949318 

1  574 

•00174216 

1/636 

•001674803 

1,514 

•001946626 

1  576 

•00178918 

1,636 

•001672327 

1,615 

•001941748 

1  576 

•001736111 

1,637 

•0016698.59 

L516 

•001937984 

1577 

•001738102 

1/688 

•001667398 

i;517 

•001934236 

1578 

•001730104 

1,639 

•001664946 

1  518 

•001930502 

1579 

•001727116 

1640 

•0016625 

1  519 

•001926782 

1580 

•001724188 

1/641 

•001560062 

1  520 

•001923077 

1581 

•00172117 

1,642 

•001657632 

i521 

•001919386 

1.582 

•001718213 

1,648 

•00155521 

1,522 

•001915709 

1  583 

•001715266 

1/644 

•001652795 

1,523 

•001912046 

1584 

•001712329 

1646 

•001650388 

1524 

•001908397 

1586 

•001709402 

1  646 

•001647988 

1.525 

■001904762 

1586 

•001706486 

1,647 

•001645595 

1  526 

•001901141 

1,587 

•001703578 

1  648 

•00154321 

1  527 

•001897538 

1  588 

•00170008 

1649 

•001540832 

1528 

•001b93939 

1.589 

•001697793 

1,660 

•001538462 

1  529 

•001890369 

1,590 

•001694916 

1,651 

•001536098 

1530 

•001886792 

1591 

•001692047 

1,652 

•001533742 

1,531 

•001883239 

1)592 

•001689189 

1/663 

•001631394 

1,532 

•001879699 

1593 

•001686341 

1,664 

•001629052 

1533 

•001876173 

1594 

•001683502 

1655 

•001626718 

1  534 

•001872659 

1,595 

•001680672 

1/666 

•00152439 

1536 

•001869159 

1,596 

•001677852 

1-657 

•00152207 

1  536 

•001865672 

1  597 

•001675042 

1668 

•001619761 

1  537 

•001862197 

1  598 

•001672241 

1,669 

•001617451 

1  538 

•001858736 

1599 

•001669449 

1660 

•001616152 

1  539 

•001855288 

1600 

•001666667 

1661 

•001612859 

1  540 

•001851852 

1601 

•001663894 

1662 

•001510574 

1  541 

•001848429 

1602 

•00166113 

1,663 

•001608296 

1.542 

•001845018 

1,603 

•001658376 

1,664 

•001506024 

1,543 

•001841621 

1,604 

•001655629 

1/665 

•001603769 

1544 

•001838235 

1,605 

•001652893 

1,666 

•001601502 

1546 

•001834862 

1,606 

•001650166 

1/667 

•00149925 

1546 

•001831602 

1,607 

•001647446 

1,668 

•001497006 

1.547 

•001828164 

1,608 

•001644737 

1669 

•001494768 

1,548 

•001824818 

1.609 

•001642036 

1,670 

•001492537 

1,549 

•001821494 

1,610 

•001639344 

1,/671 

•001490313 

1.550 

•001818182 

1,611 

•001636661 

1,672 

•001488095 

1551 

•001814882 

1,612 

•001633987 

1,678 

•001485884 

1,552 

•001811594 

1,618 

•001631321 

1/674 

•00148368 

1,553 

•001808318 

1,614 

•001628664 

1.676 

•001481481 

1554 

•001806064 

1616 

•001626016 

1,676 

•00147929 

1555 

•001801802 

1.616 

•001623377 

1/677 

•001477105 

1556 

•001798561 

1617 

•001620746 

1/678 

•001474926 

1557 

•001795332 

1618 

•001618123 

1  679 

•001472754 

1558 

•001792115 

1619 

•001616509 

1680 

•001470588 

1,559 

•001788909 

1  620 

•001612903 

1681 

•001468429 

1  560 

•001785714 

1621 

•001610306 

1682 

•00146r,276 

1  561 

•001782531 

1  (>22 

•001607717 

1  683 

•001464129 

1.562 

•001779359 

1  623 

•001605136 

1684 

•001461988 

1/563 

•001776199 

1.624 

•001602564 

1685 

•001459854 

TABLE  07  BSCIPBOCAI.S  OF  NCMBESS. 
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TrMtion  or 

Decimal  or 

Fraction  or 

Decimal  or 

Fraction  or 

Decimal  or 

Nomb. 

Reciprocal. 

Namb. 

RooiproeaL 

Numb. 

Reciprocal. 

1686 

•001457726 

1/747 

•001838688 

1/808 

•001237624 

1/687 

•001456604 

1/748 

•001836898 

1/809 

•001236094 

1/688 

•001463488 

1/749 

•001885113 

1/810 

•001284668 

1/689 

•001451879 

1/760 

•001333383 

1/811 

•001288046 

1/690 

•001449276 

1/761 

•001331668 

1/812 

•001231627 

1/691 

•001447178 

1/762 

•001329787 

1/813 

•001280012 

1/692 

•001445087 

1/753 

•001828021 

1/814 

•001228601 

1/693 

•001443001 

1/764 

•00182626 

1/816 

•001226994 

1,694 

•001440922 

1/766 

•001824503 

1/816 

•001226499 

1/696 

•001438849 

1/766 

•001322761 

1/817 

•00122899 

l/«96 

•001436782 

1/757 

•001821004 

1/818 

•001222494 

1/697 

•00143472 

1/768 

•001819261 

1/819 

•001221001 

l/«98 

•001432666 

1/759 

•001317628 

1/820 

•001219612 

1/699 

•001430616 

1/760 

•001316789 

1/821 

•001218027 

l,/700 

•001428571 

1/761 

•00131406 

1/822 

•001216646 

1/701 

•001426684 

1/762 

•001312886 

1/823 

•001216067 

1/702 

•001424601 

1/763 

•001310616 

1/824 

•001213692 

1/703 

•001422476 

1/764 

•001808901 

1/825 

•001212121 

1/704 

•001420466 

1/766 

•00130719 

1/826 

•001210654 

1/706 

-00141844 

1/766 

•001305483 

1/827 

•00120919 

1;706 

•001416431 

1/767 

•001803781 

1/828 

•001207729 

1,707 

•001414427 

1/768 

•001802088 

1/829 

•001206278 

1/708 

•001412429 

1/769 

•00180039 

1/830 

•001204819 

1/709 

•001410437 

1/770 

•001298701 

1/881 

•001208369 

1710 

•001408451 

1/771 

•001297017 

1/832 

•001201928 

1/711 

•00140647 

1/772 

•001296337 

1/838 

•00120048 

1712 

•001404494 

1/778 

•001293661 

1/884 

•001199041 

1,713 

•001402525 

1/774 

•00129199 

1/835 

•001197606 

1;714 

•00140066 

1/776 

•001290823 

1/886 

•001196172 

1,716 

•001398601 

1/776 

•00128866 

1/887 

•001194743 

1,716 

•001396648 

1/777 

•001287001 

1/838 

•001193317 

1;717 

•0013947 

1/778 

•001286847 

1/889 

•001191896 

1.718 

•001392768 

1/779 

•001283697 

1/840 

•001190476 

1;719 

•001390821 

1/780 

•001282061 

1/841 

•001189061 

1720 

•001888889 

1/781 

•00128041 

1/842 

•001187648 

1/721 

•001886963 

1/782 

•001278772 

1/843 

•00118624 

1/722 

•001386042 

1/783 

•001277139 

1/844 

•001184834 

1;723 

•001383126 

1/784 

•00127551 

1/846 

•001188482 

1.724 

•001381216 

1/786 

•001273885 

1/846 

•001182038 

1/725 

•00137981 

1/786 

•001272265 

1/847 

•001180688 

1/726 

•00137741 

1/787 

•001270648 

1/848 

•001179246 

1/727 

•001376516 

1/788 

•001269036 

1/849 

•001177866 

1/728 

•001373626 

1/789 

•001267427 

1/850 

•001176471 

1,729 

•001871742 

1/790 

•001265823 

1/861 

•001175088 

1/780 

•001869868 

1/791 

•001264228 

1/962 

•001178709 

1/731 

•001367989 

1/792 

•001262626 

1/868 

•001172833 

1,732 

•00136612 

1/798 

•001261034 

1/854 

•00117096 

1,'738 

•001364266 

1/794 

•001259446 

1/866 

•001169691 

1/734 

•001362898 

1/796 

•001267862 

1/866 

■001168224 

1/785 

•001360644 

1/796 

•001266281 

1/867 

•001166861 

1,736 

•001368696 

1/797 

•001254705 

1/858 

•001166601 

1/737 

•001366852 

1/798 

•001263138 

1/859 

•001164144 

1/738 

•001866014 

1/799 

•001261864 

1/860 

•001162791 

1/789 

•00186318 

1/800 

•00126 

1/861 

•00116144 

1/740 

•001361851 

1/801 

•001248489 

1/862 

•001160093 

1/741 

•001849528 

1/802 

•001246888 

1/868 

•001158749 

1/742 

•001347709 

1/803 

•00124683 

1/864 

•001167407 

1/743 

•001845895 

1/804 

•001248781 

1/865 

•001156069 

1,^744 

•001844086 

1/806 

•001242286 

1/866 

•001154734 

1/745 

•001842282 

1/806 

•001240696 

1/867 

•001163408 

1/746 

•001840483 

1/807 

•001289167 

1/868 

•001162074 

o2 
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Fraction  or 

Decimal  or 

Fnustionor 

Decimal  or 

Fraction  or 

Decimal  or 

Numb. 

ReciprocaL 

Nomb. 

Reciprocal. 

Numb. 

R...  iphocal. 

1/869 

•001150748 

1/913 

•00109529 

1/957 

•001044932 

1/870 

•001149425 

1/914 

•001094092 

1/958 

•001043841 

1/871 

•001148106 

1/1)15 

•001092896 

1/959 

■001042753 

1/872 

•001146789 

1/^916 

•001091703 

1/960 

•001041667 

1/873 

•001145475 

1/917 

'  -001090513 

1/961 

•001040583 

1/874 

•001144165 

1/918 

•001089326 

1/962 

•001030501 

1/875 

•001142857 

l/t)19 

•001088139 

l/'963 

•001038422 

1/876 

■001141558 

1/920 

•001080957 

1/964 

•001037344 

1/877 

•001140251 

1/921 

•001085776 

1/965 

•0010362G9 

1/878 

•001138962 

1/922 

•001084599 

1/966 

•001035197 

1/879 

•001137^56 

1/923 

•001083423 

1/967 

•001034126 

1/880 

•001136364 

1/924 

•001082251 

1/968 

•001033058 

1/881 

•001135074 

1/925 

•001081081 

1/969 

•001031992 

1/882 

•001133787 

1/926 

•001079914 

1/970 

•001030928 

1/883 

•001132508 

1/927 

•001078749 

1/971 

•001029866 

1/884 

•001131222 

1/1)28 

•001077686 

1/972 

•001028807 

1/885 

■001129944 

1/929 

•001076426 

1/973 

•001027749 

1/886 

•001128668 

1/930 

•001075269 

1/974 

•001026694 

1/887 

•001127396 

1/^31 

•001074114 

1/975 

■00101»5641 

1/888 

•001126126 

1/932 

•001072961 

1/976 

•00102459 

1/889 

•001124859 

1/933 

•001071811 

1/977 

•001028541 

1/890 

•001123596 

1/934 

•001070664 

1/978 

•001022495 

1/891 

•001122334 

1/935 

•001069519 

l/'979 

•00102145 

1/892 

•001121076 

1/936 

•001068376 

1/980 

•001020408 

1/893 

•001119821 

1/937 

•001067236 

1/981 

•001019168 

1/894 

•001118568 

1/938 

•001066098 

1/982 

•00101833 

1/895 

■001117818 

1/939 

•001064968 

.    1/983 

•001017294 

1/896 

•001116071 

1/940 

•00106383 

1/984 

•00101626 

1/897 

•001114827 

1/941 

•001062699 

1/985 

•001015228 

1/898 

•001113586 

1/942 

•001061671 

1/986 

•001014199 

1/899 

•001112347 

1/943 

•001060446 

1/987 

•001013171 

1/900 

■001111111 

1/944 

•001059322 

1/988 

•001012146 

1/901 

•001109878 

1/945 

•001058201 

1/989 

•001011122 

1/902 

•001108647 

1/946 

•001057082 

1/990 

■001010101 

1/903 

•00110742 

1/947 

•001056966 

1/991 

•001009082 

1/904 

•001106195 

1/948 

•001054852 

1/992 

•001008005 

1/905 

•001104972 

1/949 

■001068741 

1/993 

•001007049 

1/906 

•001103753 

1/950 

•001062632 

1/994 

•001006036 

1/907 

•001102536 

1/961 

•001061625 

1/995 

•001005026 

1/908 

•001101322 

1/952 

•00106042 

1/996 

•001004016 

1/909 

•00110011 

1/958 

•001049318 

1/997 

•001003009 

1/910 

•001098901 

1/964 

•001048218 

1/998 

•001002004 

1/911 

•001091695 

1/965 

•00104712 

1/999 

•001001001 

1/912 

•001096491 

1/956 

•001046026 

1/1000 

•001 

Divide  80000  by  971. 

By  the  above  Table  we  find  thatl  divided  by  971  gives  -001029866, 
and  -001029866  X  80000  =  82-38928. 
What  is  the  sum  of  ^  and  ^  ? 


X  -ggg  =  -001132503 


2  X 


1 

953  ~ 
_5_ 

883''" 


•001049318 

2_ 
953 


X  5  =  -005662515 
X  2  =  -002098636 


•007761141 
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WEIGHTS  AND  VALUES  IN  DECIMAL  PABTS. 


TROY  WEIGHT. 

AVOIRDUPOIS 
WEIGHT. 

AVOIRDUPOIS 
WEIGHT. 

Dee.  pAxtoofftU). 

DecparUof  ftowt. 

Dee 

parts  of  a  It. 

Ou. 

DMimali. 

Qis. 

DecinulB. 

Ois. 

Decimals. 

11 

•916666 

8 

•75 

16 

•9375 

10 

•833338 

2 

•5 

14 

•875 

9 

•75 

1 

•25 

13 

•8125 

8 

•666666 

lbs. 

Decimals. 

12 

•75 

7 

•583833 

27 

•241071 

11 

•6875 

6 

•5 

26 

•282142 

10 

•625      ' 

6 

•416666 

25 

•228214 

9 

•6625 

4 

•333333 

24 

■214286 

8 

•5 

8 

■25 

23 

•205357 

7 

•4376 

2 

•166666 

22 

•196428 

6 

•375 

1 

•083338 

21 

•187500 

5 

•8126 

DwU. 

DeoimAU. 

20 

•178572 

4 

•26 

19 

•079166 

19 

•169643 

3 

•1875 

18 

•075 

18 

•160714 

2 

•126 

17 
16 

•070883 
•066666 

17 

•151786 

1 

•0625 

16 

•142856 

Dn. 

Decimals. 

15 

•0625 

15 

•183928 

15 

•058593 

14 

-058388 

14 

•125 

14 

•064686 

13 

•054166 

18 

•116071 

13 

•050780 

12 

■05 

12 

•107143 

12 

•046874 

11 

•045833 

11 

•098214 

11 

•042968 

10 

■041666 

10 

•089286 

10 

•039062 

9 

•0376 

9 

•080357 

9 

•035166 

8 

•083833 

8 

■071428 

8 

•03125 

7 

■029166 

7 

■0625 

7 

•027843 

6 

•025 

6 

•063571 

6 

•023437 

5 

•020833 

5 

•044643 

5 

•019581 

4 

■016666 

4 

•035714 

4 

•015625 

8 

•0125 

8 

•026786 

8 

•011718 

2 

•008388 

2 

•017867 

2 

•007812 

1 

•004166 

1 

•008928 

1 

•003906 

Grt. 

Decimals. 

Ois. 

Decimals. 

~ 

16 

•002604 

15 

•008370 

\t 

LONG 
[EASURE. 

14 

•002430 

14 

•007812 

JU 

13 
12 

•002257 
■002083 

13 
12 

•007264 
■006696 

Dec. 

parts  of  a  foot. 

Ins. 

Decimals. 

11 

•001910 

11 

•006138 

11 

•916666 

10 

•001736 

10 

•006680 

10 

•833388 

9 

•001562 

9 

•006022 

9 

•75 

8 

•001889 

8 

•004464 

8 

■666666 

7 

■001215 

7 

•003906 

7 

■583333 

-    6 

•001042 

6 

•003348 

6 

•5 

6 

■000868 

5 

•002790 

5 

•416666 

4 

•000694 

4 

■002282 

4 

•383333 

8 

■000621 

8 

■001674 

8 

•25 

2 

•000347 

2 

•001116 

2 

•166666 

1 

•000178 

1 

•000558 

1 

•083333 

To  find  the  solidity  of  a  cube,  the  height  of  one 
of  its  sides  being  given. — Multiply  the  side  of  the 
cube  by  itself,  and  that  product  again  by  the  side^ 
and  it  will  give  the  solidity  required. 

The  side  AB,  or  BC,  of  the  cube  ABCDFGHE, 
»  26-5 :  what  is  the  solidity  ?  ^ 

HereKW  =  (22-5)|3  =  25-5  X  25-5  x  25-5  « 
25-5  X  650-25  «  16681-375,  conUnt  of  the  cube. 


\ 

\ 

D 

B 

\ 

\ 
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54x4-6  =  243«o?uf 


To  find  the  solidity  of  aparattelopipedon. 
— Multiply  the  length  by  the  breadth,  and 
that  product  again  by  the  depth  or  altitude^ 
and  it  will  giye  the  solidity  required. 

Required  the  solidity  of  a  parallelopipedon  , 
ABCDFEHG,  whose  length  AB  is  8  feet, 
its  breadth  FD  4J  feet,  and  the  depth  or 
altitude  AD  6f  feet  ? 

Mere  AB  X  AD  X  FD  =  8  X  6-76  x  4.5  = 
feet^  the  contents  of  the  parallelopipedon. 

To  find  the  Bolidity  of  a  prism, — ^Multiply  the  area  of  the  base 
into  the  perpendicular  height  of  the  prism,  and  the  product  will  be 
the  solidity. 

What  is  the  solidity  of  the  triangular  prism  ABCF 
ED,  whose  length  AB  is  10  feet,  and  either  of  the 
equal  sides,  BG,  CD,  or  DB,  of  one  of  its  equilateral  ^ 
ends  BCD,  2^  feet? 

Mere  i  X  2-5«  X  ^/3  =  J  X  625  X  ^3  « 1-5625 
X  ^/3  =  1-5625  X  1-732  =  2-70625  =  area  of  the 
base  BCD. 

.     2-5  +  2-5  +  2-5      7-5        „  ^.        .  . 

the  sides,  BC,  CD,  DB,  of  the  triangle  CDB. 

And  3-75  —  2-5  =  1-25, .-.  1-25, 1-25  and  1-25  =  8  differences. 

Whence  ^/3-75  X  1-25  X  1-25  X  1-25  =  ^/3•75  X  1-25^  = 
^/7•32421875  =  2-7063  =  area  of  the  base  as  before^ 

And  2-7063  X  10  =  27-063  solid  feet^  the  content  of  the  prism 
required. 

To  find  the  convex  surface  of  a  cylinder. — Multiply  the  peri- 
phery or  circumference  of  the  base,  by  the  height  of  the  cylinder, 
and  the  product  will  be  the  convex  surface. 

What  is  the  convex  surface  of  the  right  cylinder 
ABCD,  whose  length  BC  is  20  feet,  and  the  diame- 
ter of  its  base  AB  2  feet  ? 

ffere  3-1416  X  2  =  6-2832  «  periphery  of  the 
base  AB. 

And  6-2832  x  20  =  125-6640  square  feetj  the 
convexity  required. 

To  find  the  solidity  of  a  cylinder. — Multiply  the  area  of  the 
base  by  the  perpendicular  height  of  the  cylinder,  and  the  product 
will  be  the  solidity. 

What  is  the  solidity  of  the  cylinder  ABCD,  the  diameter  of 
whose  base  AB  is  30  inches,  and  the  height  BC  50  inches. 

Mere  -7854  X  30*  =  -7854  x  900  «  706'86^areaofthebaseAB. 

And  706-86  x  50  «  35343  cubic  inches;  ^^^^  «  20-4531 
solid  feet. 
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The  four  following  cases  contain  all  the  rules  for  finding  the  su- 
perficies and  solidities  of  cylindrical  ungvXas. 

When  the  section  is  parallel  to  the  axis  of  the  cylinder.  ^ 
Rule. — Multiply  the  length  of  the  arc  line  of  the  base 

by  the  height  of  the  cylinder,  and  the  product  will  be 

the  curve  surface. 
Multiply  the  area  of  the  base  by  the  height  of  the  ^ 

cylinder,  and  the  product  will  be  the  solidity. 

When  the  section  passes  obliquely  through  the  opposite  ^  - 
sides  of  the  cylinder. 

Rule. — Multiply  the  circumference  of  the  base  of  the 
cylinder  by  half  the  sum  of  the  greatest  and  least  lengths  £ 
of  the  ungula,  and  the  product  will  be  the  curve  surface. 

Multiply  the  area  of  the  base  of  the  cylinder  by  half  ^  v ^" 

the  sum  of  the  greatest  and  least  lengths  of  the  ungula,  and  the 
product  will  be  the  solidity. 

When  the  section  passes  through  the  base  of  the  cylin-  j/^     n 
(for,  and  one  of  its  sides.  ^ — ^° 

Rule. — Multiply  the  sine  of  half  the  arc  of  the  base 
by  the  diameter  of  the  cylinder,  and  from  this  product 
subtract  the  product  of  the  arc  and  cosine. 

Multiply  the  difference  thus  found,  by  the  quotient  of  b 
the  height  divided  by  the  versed  sine,  and  the  product 
will  be  the  curve  surface. 

From  }  of  the  cube  of  the  right  sine  of  half  the  arc  of  the  base, 
subtract  the  product  of  the  area  of  the  base  and  the  cosine  of  the 
said  half  arc. 

Multiply  the  difference,  thus  found,  by  the  quotient  arising  from 
the  height  divided  by  the  versed  sine,  and  the  product  will  be  the 
soUdity. 

When  the  section  passes  obliquely  through  both  ends 
of  the  cylinder. 

Rule. — Conceive  the  section  to  be  continued,  till  it 
meets  the  side  of  the  cylinder  produced ;  then  say,  as 
the  difference  of  the  versed  sines  of  half  the  arcs  of  the 
two  ends  of  the  ungula  is  to  the  versed  sine  of  half  the 
arc  of  the  less  end,  so  is  the  height  of  the  c^^linder  to 
the  part  of  the  side  produced. 

Find  the  surface  of  each  of  the  ungulas,  thus  formed,  and  their 
difference  will  be  the  surface. 

In  like  manner  find  the  solidities  of  each  of  the  ungulas,  and 
their  difference  will  be  the  solidity. 

To  find  the  convex  surface  of  a  right  cone. — ^Multiply  the  circum- 
ference of  the  base  by  the  slant  height,  or  the  length  of  the  side 
of  the  cone,  and  half  the  product  will  be  the  surface  required. 

The  diameter  of  the  base  AB  is  8  feet,  and  the  slant  height 
AG  or  BO  15  feet;  required  the  convex  surface  of  the  cone 
ACB. 

6 
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Here  31416  x  3  = 

,    ,  9-4248  X  15 
And- 


9-4248  =  circumference  of  the  base  AB. 

141-3720      ^^^^^ 

=  70'68o  square  feetj  the  convex 


2  ""        2 

surface  required. 

To  find  the  convex  surface  of  the  frustum  of  a  right  cone, — Mul- 
tiply the  sum  of  the  perimeters  of  the  two  ends,  by  the  slant  height 
of  the  frustum,  and  half  the  product  will  be  the  surface  required. 


In  the  frustum  ABDE,  the  circumferences  of 
the  two  ends  AB  and  DE  are  22-5  and  15-75 
respectively,  and  the  slant  height  BD  is  26 ;  what 
is  the  convex  surface  ? 

„     (22-5  +  15-75)  X  26       — _ — -— 

Rere  ^ g — =  ^2-5  +  15-75 

X  13  =  38-25  X  13  =  497-25  =  convex  sur- 
face. 


To  find  the  solidity  of  a  cone  or  pyramid, — Multiply  the  area  of 
the  base  by  one-third  of  the  perpendicular  height  of  the  cone  or 
pyramid,  and  the  product  will  be  the  solidity. 

0 


Required  the  solidity  of  the  cone  ACB,  whose 
diameter  AB  is  20,  and  its  perpendicular  height 
CS24. 

Here  -7854  X  20»  =  -7854  X  400  =  314-16 
=  area  of  the  base  AB. 


24 
And  314-16  x  y 

=  solidity  required. 


314-16  X  8  =  2513-28 


Required  the  solidity  of  the  hexagonal  pyra- 
mid EGBD,  each  of  the  equal  sides  of  its  base 
being  40,  and  the  perpendicular  height  CS  60. 

Sere  2-598076  {multiplier  when  the  side  is  1) 
X  40*  =  2-598076  x  1600  =  4156-9216  «  area 
of  the  base. 

And  4156-9216  X  ~  =  4156-9216  x  20  = 
83138-432  solidity. 


To  find  the  solidity  of  a  frustum  of  a  cone  or  pyramid, — For 
the  frustum  of  a  cone,  the  diameters  or  circumferences  of  the  two 
ends,  and  the  height  being  given. 

Add  together  the  square  of  the  diameter  of  the  greater  end,  the 
square  of  the  diameter  of  the  less  end,  and  the  product  of  the  two 
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diameters ;  multiply  the  sam  by  '7854,  and  the  product  by  the 
height ;  ^  of  the  last  product  will  be  the  solidity.     Or, 

Add  together  the  square  of  the  circumference  of  the  greater 
end,  the  square  of  the  circumference  of  the  less  end,  and  the  pro- 
duct of  the  two  circumferences ;  multiply  the  sum  by  '07958,  and 
the  product  by  the  height ;  ^  of  the  last  product  will  be  the  solidity. 

For  the  frustum  of  a  pyramid  whose  sides  are  regular  polygons. — 
Add  together  the  square  of  a  side  of  the  greater  end,  the  square 
of  a  side  of  the  less  end,  and  the  product  of  these  two  sides ;  mul- 
tiply the  sum  by  the  proper  number  in  the  Table  of  Superficies,  and 
the  product  by  the  height ;  J  of  the  last  product  will  be  the  solidity. 

When  the  ends  of  the  pyramids  are  not  regular  polygons. — Add 
together  the  areas  of  the  two  ends  and  the  square  root  of  their 
product ;  multiply  the  sum  by  the  height,  and  J  of  the  product 
wDl  be  the  solidity. 

What  is  the  soUdity  of  the  frustum  of  the  cone 
EABD,  the  diameter  of  whose  greater  end  AB  is 
5  feet,  that  of  the  less  end  ED,  8  feet,  and  the 
perpendicular  height  Ss,  9  feet  ? 


(5»  +  8»  +  5  X  3)  X  '7854  x  9 
3 


346-8614 


8  A 

115"4538  solid  feet^  the  content  of  the  frustum. 

What  is  the  solidity  of  the  frustum  eEDBA  of  a 
hexagonal  pyramid,  the  side  ED  of  whose  greater 
end  is  4  feet,  that  eh  of  the  less  end  3  feet,  and 
the  height  S9,  9  feet? 

(4»  +  y  +  TxT)  X  2-698076  x  9       865'1593Q8 

8  ^  3 

=  288-886436  solid  feet,  the  solidity  required. 

The  following  cases  contain  all  the  rules  for  finding  the  superficies 
and  solidities  of  conical  ungulas. 

When  the  section  passes  through  the  opposite  extremities  of  the 
ends  of  the  frustum. 

Let  D  =  AB  the  diameter  of  the  greater  end; 
d  =  CD,  the  diameter  of  the  less  end ;  h  =  perpen- 
dicular height  of  the  frustum,  and  n  »  -7854. 

(P  —  (Z  ^/Dd      nDh  , 

Then  — jy  ^  ^ —  ^  ~3~  ~  solidity  of  the  greater  ^^ 

elliptic  ungula  ADB. 

D  s/Dd  —  (?      ndh         ,.  „       ^    ,     ,  ,     *  .r,,^ 

— jv  _  , —  X  -Q-  "■  solidity  of  the  less  ungula  ACD. 

D-d     ^  3 

And  jj-^  ^Wnp^^)  X  (D» J-  ^/D5  -  curve 

surface  of  ADB. 


difference  of  these  hoofs. 
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When  the  %eetian  euU  off  parts  of  the  toie^  and  makes  the  angU 
DrB  less  than  the  angle  GKB. 

Let  S  «  tabular  segment,  whose  versed  sine  is 
Br-i-D;  s  —  tab.  seg.  whose  versed  sine  is  Br  —  (D  —  rf) 
-f-  dj  and  the  other  letters  as  above. 

X  p_^  —  solidity  of  the  elliptic  hoof  EFBD. 

1         d?    ix(D+(i)— Ar 

^^^  D^=^  ./4A«  +  (D  -(i)«x(seg.  FBE-giX^    \_l^ 

Br  ^      ^  —  ^'"'x 

X  %/^_^^  X  seg.  of  the  circle  AB,  whose  height  is  D  x  — ^ — ) 

»  convex  surface  of  EFBD. 

When  the  section  is  parallel  to  one  of  the  sides  of  the  frustum. 

Let  A  B  area  of  the  base  FBE,  and  the  other  let-     ^j^^ 

ters  as  before. 

A  X  D  

Then  (p  _  ^  -  |<i^/(B  -  cQ  x  d)  x  JA  «  solidity 

of  the  parabolic  hoof  EFBD. 
Andp^^/4A«x(D--ii)«x(seg.FBE--fD^ 

X  ^/d  X  D  — d)  =a  convex  surface  of  EFBD. 

When  the  section  cuts  off  part  of  the  base^  and  makes  the  angle 
DrB  greater  than  the  angle  GAB. 

Let  the  area  of  the  hyperbolic  section  EDF  =  A, 

and  the  area  of  the  circular  seg.  EBF  »  a. 

m.  J*         /       TN       4      ^  X  Er         ,. ,.       * 

Then  j)_j^  x  (a  x  D  —  A  x     ^^    ) «  solidity  of 

the  hyperbolic  ungula  EFBD. 
And  p_^  X  v'4F+'(D'=^* x (cir. seg. EBF  - 

TV  X  -^F^===3     ^^5 r      TA  =  <5^^«  surface  ef  EFBD. 

1>         Br— D  —  d        Br  —  d  —  D 

The  transverse  diameter  of  the  hyp.  seg.  «■  jy^  d-^Br  *^^  ^'^^ 

Br 
conjugate  «  d  ^/p  —  ^  —  Br^  ^^°^  which  its  area  may  be  found 

by  the  former  rules. 

To  find  the  solidity  of  a  euneus  or  wedge. — ^Add  twice  the  length 
of  the  base  to  the  length  of  the  edge,  and  reserve  the  number. 

Mdtiply  the  height  of  the  wedge  bv  the  breadth  of  the  base, 
and  this  product  by  the  reserved  numSer;  \  of  the  last  product 
will  be  the  solidity. 


MBNSUBATION 


OF  SOLIDS. 


How  many  solid  feet  are  there  in  a  wedge, 
whose  base  is  5  feet  4  inches  long,  and  9  inches 
broad,  the  length  of  the  edge  being  8  feet  6  inches, 
and  the  perpendicular  height  2  feet  4  inches? 


(64  X  2  +  42)  X  28  X  9  _  (128  + 


Here 
170  X  28  X  9 


6 
170  X  28  X  8 


6 


170  X  14  X  8  1=  7140  solid 


6  ""2 

inches. 
And  7140  -r-  1728  «  4-1819  solid  feety  the  content. 

To  find  the  solidity  of  aprismoid. — To  the  snm  of  the  areas  of 
the  two  ends  add  four  times  the  area  of  a  section  parallel  to  and 
eqnally  distant  from  both  ends,  and  this  last  sum  multiplied  by  ^ 
of  the  height  will  give  the  solidity. 

The  length  of  the  middle  rectangle  is  equal  to  half  the  sum  of 
the  lengths  of  the  rectangles  of  the  two  ends,  and  its  breadth  equal 
to  half  the  sum  of  the  breadths  of  those  rectangles. 

What  is  the  solidity  of  a  rectangle  prismoid,        °     ^ 
the  length  and  breadth  of  one  end  being  14  and 
12  inches,  and  the  corresponding  sides  of  the  other 
6  and  4  inches,  and  the  perpenmcular  80^  feet. 

Eere  14  x  12  +  6xT  «  168  +  24  -  192  « 
sum  of  the  area  of  the  two  ends. 

14  +  6      20  AT 

Also  — o —  ar  ^  5=  10  =  length  of  the  middle  rectangle. 


=  breadth  of  the  middle  rectangle. 
80  X  4  =  820  =  4  times  the  area  of 


12  +  4      16 
And  — 2 — ~  2"  "*  ^ 

Whmce  10  x  8  x  4  « 

the  middle  rectangle. 

866 
Or  (820  +  192)  x  -g-  -=  612  x  61  «  81282  solid  inches. 

And  81282  h-  1728  «  18-074  solid  feet,  the  content. 

To  find  the  convex  surface  of  a  sphere. — Multiply  the  diameter 
of  the  sphere  by  its  circumference,  and  the  product  wiU  be  the 
oouTez  superficies  required. 

The  curve  surface  of  any  zone  or  segment  will  also  be  found  by 
multiplying  its  height  by  the  whole  circumference  of  the  sphere. 


What  is  the  convex  superficies  of  a  globe 
BCO  whose  diameter  BG  is  17  inches  7 

Here  8-1416  X  17  X  17  «  68-4072  x  17  =« 
907-9224  square  inches. 

And  907-9224  -*•  144  =  6-805  square  feet. 
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To  find  the  %olidity  of  a  sphere  or  globe, — Multiply  the  cube  of 
the  diameter  by  -5236,  and  the  product  "will  be  the  solidity. 

What  is  the  solidity  of  the  sphere  AEBC, 
whose  diameter  A6  is  17  inches : 

Here  IV  X  -5236  =  17  x  17  X  17  x  -6236  =: 
289  X  17  X  5236  =  4913  x  -5286  =  26724468  ^ 
soLtd  iTiches 

-4nd  2572-4468  -^  1728  =  1-48868  solid  feet. 

To  find  the  solidity  of  the  segment  of  a  sphere. — To  three  times 
the  square  of  the  radius  of  its  base  add  the  square  of  its  height,  and 
this  sum  multiplied  by  the  height,  and  the  product  again  by  -5236, 
•will  give  the  solidity.     Or, 

From  three  times  the  diameter  of  the  sphere  subtract  twice  the 
height  of  the  segment,  multiply  by  the  square  of  the  height,  and 
that  product  by  -5236 ;  the  last  product  will  be  the  solidity. 

The  radius  Cn  of  the  base  of  the  segment 
CAD  is  7  inches,  and  the  height  An  4  inches ; 
what  is  the  solidity  ? 

Here  (7^  X  3  +  4')  X  4  X  -5236  =  (49x3+4«) 
x4  X  -5236  =  (147  +  4^)  x4  x  -5236  =  (147+16) 
X  4  X  -5236  =  163  X  4  X  -5236  =  652  x  -5236 
=  841-3872  solid  inches. 

To  find  the  solidity  of  a  frustum  or  zone  of  a  sphere. — To  the 
sum  of  the  squares  of  the  radii  of  the  two  ends,  add  one-third  of 
the  square  of  their  distance,  or  of  the  breadth  of  the  zone,  and 
this  sum  multiplied  by  the  said  breadth,  and  the  product  again  by 
1-5708,  will  give  the  solidity. 

What  is  the  solid  content  of  the  zone  ABCD, 
whose  greater  diameter  AB  is  20  inches,  the 
less  diameter  CD  15  inches,  and  the  distance 
of  the  two  ends  10  inches  ? 


nm 


Here  (10^  +  7-5*  +  -g-)  X  10  x  1-5708  =     ^^ 

(100  +  56-25  +  33-33)  x  10  x  1-5708  =  189-58 

X  10  X  1-5708  =*  1895-8  x  1-5708  =  2977-92264  solid  inches. 

To  find  the  solidity  of  a  spheroid. — Multiply  the  square  of  the 
revolving  axe  by  the  fixed  axe,  and  this  product  again  by  -5236, 
and  it  will  give  the  solidity  required. 

•5236  is  =  i  of  3-1416. 

In  the  prolate  spheroid  ABCD,  the 
transverse,  or  fixed  axe  AC  is  90,  and 
the  conjugate  or  revolving  axe  DB  is  70 ; 
what  is  the  solidity  ? 

Here  DB^  X  AC  X  -5236  =  70»  x  90 
X  -5236  =  4900  x  90  x  -5236  =  441000 
X  -5236  =  280907-6  =  solidity  required. 
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+  1600)  X  18  X 
=  31101-84  cubic 


To  find  the  content  of  the  middle  frustum  of  a  spheroid,  its 
length,  the  middle  diameter,  and  that  of  either  of  the  ends,  being 
given,  when  the  ends  are  circular  or  parallel  to  the  revolving  axis. — 
To  twice  the  square  of  the  middle  diameter  add  the  square  of  the 
diameter  of  either  of  the  ends,  and  this  sum  multiplied  by  the  length 
of  the  frustum,  and  the  product  again  by  '2618,  will  give  the  solidity. 

Where  -2618  =  A  of  3-1416. 

In  the  middle  frustum  of  a  spheroid  ^ 

EFGH,  the  middle  diameter  DB  is 
60  inches,  and  that  of  either  of  the 
ends  EF  or  GH  is  40  inches,  and  its  ^^jj- 
length  nm  18  inches ;  what  is  its  soli- 
dity? 

ffere  (50*  X  2  +  40*)  X  18  X  -2618 
=  (2500  X  2  +  1600)  X  18  X  -2618  ==  (5000 
-2618  =  6600  X  18  X  -2618  =  118800  x  -2613 
inches. 

Wlien  the  ends  are  elliptical  or  perpendicular  to  the  revolving 
axis. — Multiply  twice  the  transverse  diameter  of  the  middle  sec- 
tion by  its  conjugate  diameter,  and  to  this  product  add  the  product 
of  the  transverse  and  conjugate  diameters  of  either  of  the  ends. 

Multiply  the  sum  thus  found  by  the  distance  of  the  ends  or 
the  height  of  the  frustum,  and  the  product  again  by  -2618,  and  it 
will  give  the  solidity  required. 

In  the  middle  frustum  ABCD  of  an  oblate  * 

spheroid,  the  diameters  of  the  middle  section 
EF  are  50  and  30,  those  of  the  end  AD  40 
and  24,  and  its  height  ne  18;  what  is  the 
solidity  ? 

ffere  (50  X  2  X  30  +  40  X  24)  X  18  X  -2618 
=  (3000  +  960)  X  18  X  -2618  =  3960  x  18  x 
•2618  =  71280  X  -2618  =  18661-104  =  the  solidity. 

To  find  the  solidity  of  the  segment  of  a  spheroid,  when  the  base 
is  parallel  to  the  revolving  axis. — Divide  the  square  of  the  revolv- 
ing axis  by  the  square  of  the  fixed  axe,  and  multiply  the  quotient 
by  the  difference  between  three  times  the  fixed  axe  and  twice  the 
height  of  the  segment. 

Multiply  the  product  thus  found  by  the  square  of  the  height  of 
the  segment,  and  this  product  again  by  -5236,  and  it  will  give  the 
solidity  required. 

In  the  prolate  spheroid  DEFD,  the  trans- 
verse axis  2  DO  is  100,  the  conjugate  AC  60, 
and  the  height  Dn  of  the  segment  EDF  10 ; 
what  is  the  solidity  ? 

60* 

Here  (jq^  X  300  -  20)  x  10*  X  -5236  = 

•36  X  280  X  10*  X  -5236  =  100-80  x  100  x  -5236 
•5236  =s  5277-888  =  the  solidity. 


0 

10080  X 
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When  the  hose  «  perpendicvlar  to  the  revolving  arw.— Divide  the 
fixed  axe  by  the  revolving  axe,  and  multiply  the  quotient  by  the 
difference  between  three  times  the  revolving  axe  and  twice  the 
height  of  the  segment. 

Multiply  the  product  thus  found  by  the  square  of  the  height  of 
the  segment,  and  this  product  again  by  -5236,  and  it  will  give  the 
solidity  required. 

In  the  prolate  spheroid  aEiF,  the  trans- 
verse axe  EF  is  100,  the  conjugate  ab  60,  and 
the  height  an  of  the  segment  aAD  12 ;  what 
is  the  solidity  ? 

Here  156  («  diff.  of  8aJ  and  2an)  X  Ij 

(=  EF  -5-  oA  X  144  (=  BaxMLre  of  an)  x  -5286 

156  X  5 

X  144  X  -5236  =  52  x  5  x  144 


8 


X  -5236  =  260  x 
B  the  Bolidity, 


144  X  -5236  =  87440  x  -6286  =  19608-584 

To  find  the  solidity  of  a  parabolic  conoid. — Multiply  the  area  of 
the  base  by  half  the  altitude,  and  the  product  will  be  the  content. 

What  is  the  solidity  of  the  paraboloid  ADB, 
whose  height  Dm  is  84,  and  the  diameter  BA 
of  its  circular  base  48  ? 

Rere  48«  X  -7854  X  42  (=  J  Dm)  =  2304  x 
•7854  X  42  =  1809-5616  x  42  «  76001-5872 
=  the  solidity. 

To  find  the  solidity  of  the  frustum  of  a  paraboloidy  when  its  ends 
are  perpendicular  to  the  axe  of  the  solid. — Multiply  the  sum  of  the 
squares  of  the  diameters  of  the  two  ends  by  the  height  of  the  frus- 
tum, and  the  product  again  by  -8927,  and  it  will  give  the  solidity. 

Required  the  solidity  of  the  parabolic  frus-  ~ 

tum  ABCe2,  the  diameter  AB  of  the  greater  end 
being  58,  that  of  the  less  end  do  80,  and  the 
height  no  18. 

ffere  (58«  +  80*)  X  18  X  -8927  «  (8364  + 
900)  X  18  X  -8927  =  4264  x  18  x  -3927  = 
76752  X  -3927  «  30140-5104  =  the  solidity. 

To  find  the  solidity  of  an  hyperboloid. — To  the  square  of  the 
radius  of  the  base  add  the  square  of  the  middle  diameter  between 
the  base  and  the  vertex,  and  this  sum  multiplied  by  the  altitude, 
and  the  product  again  by  -5236  will  give  the  solidity. 

In  the  hyperboloid  ACB,  the  altitude  Gr 
is  10,  the  radius  Ar  of  the  base  12,  and  the  mid- 
dle diameter  nm  15*8745 ;  what  is  the  solidity  7 

Rere  15-8745»  +  12'  x  10    x   -5236  = 
251-99975  +  144  x  10  x  -5286  «  395-99975  x 
10  X  •5236=8959-9975  x -5236 =2073-464691  ^ 
=  the  solidity. 
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To  find  the  solidity  of  the  frustum  of  an  hyperbolic  conoid. — ^Add 
together  the  squares  of  the  greatest  and  least  semi-diameters,  and 
the  square  of  the  whole  diameter  in  the  middle;  then  this  sum  being 
multiplied  by  the  altitude,  and  the  product  again  by  -5236,  will 
give  the  solidity. 

In  the  hyperbolic  frustum  ADGB,  the  leneth 
rs  is  20,  the  diameter  AB  of  the  greater  end  32, 
that  DO  of  the  less  end  24,  and  the  middle  disr 
meter  nm  28*1708;  required  the  solidity. 

Sere  (16»  +  12«  +  28-1708*)  x  20  x  -62359 
=  (256  +  144  +  793-5989)  x  20  x  -52359  = 
1193-5939  X  20  X  -52359  =  23871-878  x  -52359 
« 12499-07660202  =  soliditt/. 

To  find  the  solidity  of  a  tetraedron. — ^Multiply  ^ 
of  the  cube  of  the  linear  side  by  the  square  root  of 
2,  and  the  product  will  be  the  solidity. 

The  linear  side  of  a  tetraedron  ABCn  is  4 ;  what 

is  the  solidity  ? 

4'        ^4x4x4  «4x4  ^16 

12^  ^2 jg— x^/2  =  -g-x^/2«y^ 


x^/2 


y  X  1-414 


22-624 


g —  «  7-6413  =  solidity. 


To  find  the  solidity  of  an  octaedron. — ^Multiply  J  of  the  cube 
of  the  linear  side  by  the  square  root  of  2,  and  the  product  will  be 
the  solidity. 


What  is  the  solidity  of  the  octaedron  B6AD, 
whose  linear  side' is  4  ? 


^x^2 


64 
8 


X  v"  2  =  21-333,  X  x/2 


21-383  X  1-414  =  80-16486  =  soi 


To  find  the  solidity  of  a  dodecaedron. — To  21  times  the  square 
root  of  6  add  47,  and  divide  the  sum  by  40:  then  the  square  root 
of  the  quotient  being  multiplied  by  five  times  the  cube  of  the  linear 
side  will  give  the  solidity. 

The  linear  side  of  the  dodecaedron  ABODE 
is  3;  what  is  the  solidity  ? 

21^/5  +  47     ^^     ,        21x2-23606+47,, 
• 40 X27x5-^ 55 ^» 

46-95726+47 
X  27  X  5  =  ^  ^Q  X 135  =  206-901 

ioUdity. 

To  find  the  solidity  of  an  icosaedron. — To  three  times  the  square 
root  of  5  add  7,  and  divide  the  sum  by  2 ;  then  the  square  root  of 

h2 
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this  qnotient  being  multiplied  by  {  of  the  cube  of  the  linear  side 
will  give  the  solidity. 

7  +  8^/5 
That  is  4  S^  X  >/  ( 2 )  ^  solidity  when  S  is  =  to  the 

linear  side. 

The  linear  side  of  the  icosaedron  ABGDEF 
is  3  ;  what  is  the  solidity  ? 

3^5  +7      5x3^           3  X  2-23606  +  7  c 
%/         2         ^~6~^^  2 

5  X  27  6-70818  +  7        6x9 

X         g  =    /%/    — : 2  X 

13-70818    45        

^— 2— ^T= 


:%/6-85409x  22-5  =  2-61803 


X  22-5  =  68-9066  ==  solidity. 

The  superficies  and  solidity  of  any  of  the  five  regular  bodies  may 
be  found  as  follows : 

Rule  1.  Multiply  the  tabular  area  by  the  square  of  the  linear 
edge,  and  the  product  will  be  the  superficies. 

2.  Multiply  the  tabular  solidity  by  the  cube  of  the  linear  edge, 
and  the  product  will  be  the  solidity. 


Surfaces  and  Solidities  of  the  Regular  Bodies. 


No.  of 
SidOf. 

4 

Nftmes. 

SnrikoM. 

SoUdtUo. 

Tetraedron 

1.73205 

0.11785 

6 

Hexaedron 

6,00000 

1.00000 

8 

Octaedron 

3.46410 

0.47140 

12 

Dodecaedron 

20.64578 

7.66.312 

20 

Icosaedron 

8.66025 

2.18169 

To  find  the  convex  superficies  of  a  cylindric  ring. — To  the  thick- 
ness of  the  ring  add  the  inner  diameter,  and  this  sum  being  multi- 
plied by  the  thickness,  and  the  product  again  by  9.8696,  will  give 
the  superficies. 

The  thickness  of  A<?  of  a  cylindric  ring  is  3 
inches,  and  the  inner  diameter  cd  12  inches ; 
what  is  the  convex  superficies  ?  i 

12  +  3  X  3  X  9-8696  =  16  x  3  x  9-8696 
=  46  X  9-8696  =  444-132  =  superficies. 

To  find  the  solidity  of  a  cylindric  ring. — To  the  thickness  of  the 
ring  add  the  inner  diameter,  and  this  sum  being  multiplied  by  the 
square  of  half  the  thickness,  and  the  product  again  by  9-8696, 
will  give  the  solidity. 
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What  is  the  solidity  of  an  anchor  ring,  whose  inner  diameter  is 
8  inches,  and  thickness  in  metal  3  inches  ? 

8T^  X  ii«  X  9-8696  =  11  x  l-5»  x  9-8693  =  11  x  2-25  x 
9-8696  ==  24-75  x  9-8696  =  244-2726  =  Bolidity. 

The  inner  diameter  AB  of  the  cylindric  ring 
cdf/ equals  18  feet,  and  the  sectional  diameter 
ck  or  Be  equals  9  inches ;  required  the  convex 
surface  and  solidity  of  the  ring. 

18  feet  X  12  =  216  inches^  and  216  +  9 
X  9  X  9-8696  =  19985-94  square  inches. 

2r6"T9'x  9*  X  2-4674  =  44968-365 (?wW<? 
inches. 

In  the  formation  of  a  hoop  or  ring  of  wrought  iron,  it  is  found 
in  practice  that  in  bending  the  iron,  the  side  or  edge  which  forms 
the  interior  diameter  of  the  hoop  is  upset  or  shortened,  while  at 
the  same  time  the  exterior  diameter  is  drawn  or  lengthened ;  there- 
fore, the  proper  diameter  by  which  to  determine  the  length  of  the 
iron  in  an  unbent  state,  is  the  distance  from  centre  to  centre  of  the 
iron  of  which  the  hoop  is  composed :  hence  the  rule  to  determine 
the  length  of  the  iron.  If  it  is  the  interior  diameter  of  the  hoop 
that  is  given,  add  the  thickness  of  the  iron  ;  but  if  the  exterior  di- 
ameter, subtract  from  the  given  diameter  the  thickness  of  the  iron, 
multiply  the  sum  or  remainder  by  3*1416,  and  the  product  is  the 
length  of  the  iron,  in  equal  terms  of  unity. 

Supposing  the  interior  diameter  of  a  hoop  to  be  32  inches,  and 
the  thickness  of  the  iron  1  J,  what  must  be  the  proper  length  of  the 
iron,  independent  of  any  allowance  for  shutting  ? 

32  +  1-25  «  83-25  x  3-1416  «  104-458  inches. 
But  the  same  is  obtained  simply  by  inspection  in  the  Table  of  Cir- 
cumferences. 
Thus,  33-25  =  2  feet  9 J  zn.,  opposite  to  which  is  8  feet  8 J  inches. 

Again,  let  it  be  required  to  form  a  hoop  of  iron  J  inch  in  thick- 
ness, and  16^  inches  outside  diameter. 

16-5  -  -875  «  15-625,  or  1  foot  3f  inches; 
opposite  to  which,  in  the  Table  of  Circumferences,  is  4  feet  1  inch, 
independent  of  any  allowance  for  shutting. 

The  length  for  angle  iron,  of  which  to  form  a  ring  of  a  given  di- 
ameter, varies  according  to  the  strength  of  the  iron  at  the  root ; 
and  the  rule  is,  for  a  ring  with  the  flange  outside,  add  to  its  required 
interior  diameter,  twice  the  extreme  strength  of  the  iron  at  the 
root ;  or,  for  a  ring  with  the  flange  inside,  suh-        cd  cd 

tract  tmce  the  extreme  strength ;  and  the  sum  or      17^ "'^ 

remainder  is  the  diameter  by  which  to  determine      ri.' b; 

the  length  of  the  angle  iron.     Thus,  suppose  two      1  j 

angle  iron  rings  similar  to  the  following  be  re-      i?. P-l 

quired,  the  exterior  diameter  AB,  and  interior  ^ IVw 

diameter  CD,  each  to  be  1  foot  lOJ  inches,  and    cd  cd 

the  extreme  strength  of  the  iron  at  the  root  cdy  cd^  &c,  ^  of  an  inch; 
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twico  I  =  1|,  and  1  ft.  lOJ  in.  +  1|  =  2  ft.  J  in.,  opposite  to 
which,  in  the  Table  of  Circumferences,  is  6  ft.  4^  in.,  the  length  of 
'the  iron  for  CD ;  and  1  ft.  lOJ  in.  —  If  =  1  ft.  8f  in.,  opposite 
to  which  is  5  ft.  6^  in.,  the  length  of  the  iron  for  AB. 

But  observe,  as  before,  that  the  necessary  allowance  for  shutting 
must  be  added  to  the  length  of  the  iron,  in  addition  to  the  length 
as  expressed  by  the  Table.  ^ 

Required  the  capacity  in  gallons  of  a 
locomotive  engine  tender  tank,  2  feet  8 
inches  in  depth,  and  its  superficial  di- 
mensions the  following,  with  reference 
to  the  annexed  plan : 

Length,  or  dist.  between  A  and  B  =  10  ft.  2f  in.  or,  122-76  in. 
Breadth  "  C  and  D  =    6         TJ  79-5 

Length  «  i    and^  =    8       lOf  46-75 

Mean  breadth  of  coke- 1    ,  =    8         li  87-25 

space  or  /  * 

Diameter  of  circle  m  =    2         8^  .  82-25 

«  «  ps  =1         6|  18-5 

Radius  of  back  corners    vz  «  4  4 

Then,  122-75  x  79-5  =  9758-525  square  inches,  as  a  rectangle. 

And     18-5»  X  -7854  =    268-8  "         "       area  of  circle 

formed  by  the  two  ends. 

Total        10027-325      "         "       from  which  de- 
duct the  area  of  the  coke-space,  and  the  difference  of  area  between 
the  semicircle  formed  by  the  two  back  comers,  and  that  of  a  rect- 
angle of  equal  length  and  breadth ; 
Then  46-75   x  87-25  =  1781-4375  area  of  r,  n,  «,  «,  in  sq.  ins. 

32-25«  X  -7864        ,^^ ,  ..,.  ii.  i.     .   i 
^ ss    408-4       area  of  half  the  circle  m, 

Radius  of  back  comers  =»  4  inches ; 

consequently  8'  X  -7854  =  25*13,  the  semicircle's  area ;  and 
8  X  4  =  32  —  25-13  =  6-87  inches  taken  off  by  rounding 
the  corners. 

Hence,  1731-4375  +  408-4  +  6-87  =  2146-707,  and 

10027-235  -  2146-707  =»  7880-618  square  inches,  or 

whole  area  in  plan, 
7880-618  X  32  the  depth  «  252179-776  cubic  inches, 
and  252179-776  divided  by  231  gives  1091-6873  the 
content  in  gallons. 
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Tables  ly  which  to  facilitate  the  Mensuration  of  Timber. 
1.  Flat  or  Board  Measure. 


BrMdthia 

Araaofft 

BrMMlthla 

Area  of  ft 

Breadth  in 

Area  of  A 

iBChO. 

liBMlfoot 

Inohes. 

liAMafoot 

inohM. 

linealfbot. 

J 

•0208 

*    4 

•8884 

8 

•6667 

X 

•0417 

H 

•8642 

H 

•6876 

1 

•0626 

4 

•876 

8} 

•7084 

1 

•0884 

4 

•8968 

H 

•7292 

1^ 

•1042 

6 

•4167 

9 

•76 

iX 

•126 

H 

•4876 

H 

•7708 

If 

•1459 

^i 
H 

•4688 

^ 

•7917 

2 

•1667 

•4792 

^1 

•8126 

2i 

•1876 

6 

•6 

10 

•8884 

^ 

•2084 

H 

•6208 

10} 

•8642 

2 

•2292 

6 

•6416 

io| 

•876 

8 

•26 

^ 

•6626 

10$ 

•8969 

H 

•2708 

7 

•6888 

11 

•9167 

8 

•2916 

H 

•6042 

^^ 

•9876 

H 

•8126 

7. 

•626 

^4 

•9688 

7f 

•6468 

111 

•9792 

Application  and  Use  of  the  Table. 

Required  the  number  of  square  feet  in  a  board  or  plank  16}  feet 
in  length  and  9|  inches  in  breadth. 

Opposite  9f  is  '8125  x  16*5  »  13*4  square  feet. 

A  board  1  foot  2f  inches  in  breadth,  and  21  feet  in  length ;  what 
is  its  superficial  content  in  square  feet  ? 

Opposite  2|  is  -2292,  to  which  add  the  1  foot;  then 
1-2292  X  21  =»  25-8  square  feet. 

In  a  board  15}^  inches  at  one  end,  9  inches  at  the  other,  and 
14^  feet  in  length,  how  many  square  feet  ? 

^^'^^  ^  «  12i,  or  1-0208 ;  and  1-0208  x  14-6  «  14-8  sq.  ft. 

The  solidity  of  round  or  unsquared  timber  may  be  found  with 
much  more  accuracy  by  the  succeeding  Rule : — Multiply  the  square 
of  one-fiftK  of  the  mean  girth  by  twice  the  length,  and  the  product 
will  be  the  solidity,  yery  near  the  truth. 

A  piece  of  timber  is  30  feet  long,  and  the  mean  girth  is  128  in- 
ches, what  IB  the  solidity  ? 

128 

^  =  25-6. 

Then  — -j^ «  278-06  cubic  feet. 

This  is  nearer  the  truth  than  if  one-fourth  the  girth  be  em- 
ployed. 
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2.  Cubic  or  Solid  Measure. 


H«ftn  X 

C«bi<rfeet 

Mean  >^ 

Cnbio  fe«t 

Mean  }i 

CnMc  feet 

Mean)^ 

Cubic  feet 

Klrtin 
Siches. 

in  eaoh 

girt  in 
inches. 

in  each 

girt  in 

in  each 

girt  in 
Ikehaa. 

in  etrh 

lineal  foot. 

lineal  foot. 

inches. 

lineal  foot. 

Uneal  f<«t. 

6 

■25 

12 

1 

18 

2-25 

24 

4 

6t 

•272 

12} 

1042 

18} 

2-318 

24} 

4-084 

n 

•294 

12J 

1^085 

18} 
18} 

2-376 

24} 
24} 

4-1  fi8 

•817 

12i 

1-129 

2-442 

4-254 

7 

•840 

13 

1174 

19 

2-506 

25 

4-34 

7i 

•864 

18J 

1-219 

19} 

2-574 

25} 

4-428 

7J 
7* 

•89 

13} 

1-265 

19} 
19: 

2-64 

25} 

4-516 

•417 

131 

1-313 

2-709 

25} 

4-C05 

8 

•444 

14 

1-861 

20 

2-777 

26 

4-694 

8i 

•472 

141 

1-41 

20} 

2-898 

26} 

4-785 

8| 

•601 

14} 

1-46 

20} 
20} 

2-917 

26} 

4-876 

•531 

1-511 

2-99 

26} 

4-969 

9 

•562 

15 

1-562 

21 

3-062 

27 

5-062 

H 

•694 

15t 

1-616 

21} 

8-136 

27} 

5158 

n 

•626 

15} 

1-668 

21} 
21} 

8-209 

27} 
27} 

5-232 

•669 

15} 

1-772 

3-285 

5-348 

10* 

•694 

16 

1-777 

22 

3-862 

28 

5-444 

lOJ 

•78 

16} 

1-838 

22} 

8-438 

28} 

6-542 

lOJ 

•766 

16} 

1-89 

22} 

8-516 

28} 
28} 

5-64 

lOJ 

•803 

m 

1-948 

22} 

8-598 

5-74 

11 

•84 

17 

2  006 

28 

8-678 

29 

5-84 

lU 

•878 

17} 

2-066 

23} 

8-754 

29} 

6-941 

lit 

•918 

17} 

2126 

23  ^ 

8-835 

29} 

6044 

•959 

17} 

2-187 

2d 

8-917 

29} 

6146 

In  the  cubic  estimation  of  timber,  custom  has  established  the 
rule  of  ij  the  mean  girt  being  the  side  of  the  square  considered  as 
the  cross  sectional  dimensions ;  hence,  multiply  the  number  of  cubic 
feet  by  lineal  foot  as  in  the  Table  of  Cubic  Measure  opposite  the 
^  girt,  and  the  product  is  the  solidity  of  the  given  dimensions  in 
cubic  feet. 

Suppose  the  mean  ^  girt  of  a  tree  21^  inches,  and  its  length 
16  feet,  what  are  its  contents  in  cubic  feet  ? 

3-136  X  16  =  50-176  cubic  feet. 

Battens,  Deals,  and  Flanks  are  each  similar  in  their  Tarious 
lengths,  but  differing  in  their  widths  and  thicknesses,  and  hence 
their  principal  distinction :  thus,  a  batten  is  7  inches  by  2  J,  a  deal 
9  by  3,  and  a  plank  11  by  3,  these  being  what  are  termed  the 
standard  dimensions,  by  which  they  are  bought  and  sold,  the  length 
of  each  being  taken  at  12  feet ;  therefore,  in  estimating  for  the 
proper  value  of  any  quantity,  nothing  more  is  required  than  their 
lineal  dimensions,  by  which  to  ascertain  the  number  of  times  12  feet, 
there  are  in  the  given  whole. 

Suppose  I  wish  to  purchase  the  following : 


7  of 

6  feet 

6 

X 

7-    42  feet 

5 

14 

14 

X 

5=    70 

11 

19 

19 

X 

11  =  209 

and 

6 

21 

21 

X 

6-126 
12 )  447 )  37*25  standard  deals. 
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Table  showing  the  number  of  Lineal  Feet  of  Scantling  of  variovs 
dimensions^  which  are  equal  to  a  Cubic  Foot, 


Iiich««. 

Ft  la. 

Inches. 

Ft 

In. 

>^ 

Inehes. 

Ft.  In. 

2 

86  0 

4 

9 

0 

9i 

2  C 

^ 

28  9 

4 

8 

0 

^ 

10 

2  5 

8 

24  0 

6 

7 

2 

S 

10} 

2  8 

H 

20  7 

6} 

6 

6 

"o 

11 

2  2 

4 

18  0 

6^ 

6 

0 

s 

11} 

2  1 

4 

16  0 

5;» 

6} 

5 

6 

CO 

12 

2  0 

5 

14.  h 

fO 

r 

7J 

6 
4 

1 
9 

^ 

6i 

18  1 

1 

7 

2  11 

6 

12  0 

.a 

8 

4 

6 

7} 

2  9 

% 

^ 

11  1 

8} 

4 

8 

8^ 

2  6 

1 

C4 

7 

10  8 

^ 

9 

4 

0 

^ 

^ 

2  5 

7i 

9  7 

^ 

8 

9 

9 

2  8 

8 

9  0 

IQ 

8 

7 

1 

9} 

2  2 

8i 

8  6 

10} 

8 

6 

10 

2  1 

9 

8  0 

11 

8 

8 

t* 

10} 

1  11 

«i 

7  7 

lU 

8 

2 

11 

1  10 

10 

f 

7  8 
6  10 
6  6 
6  4 

12 

1 

8 

0 

11} 
12 

.1 

1  9 
1  8 

5 

5 
6 

9 
8 

!s 

A 

8 

.a 

2  8 

12 

o 

6  0 

6 

£ 

4 

10 

S* 

9 

2  1 

1 

?* 
? 

1 

4 
4 
8 
8 

6 

1 

10 
7 

1 

9 

9} 
10 
10} 

! 

2  0 

1  10 
1  9 
1  8 

8 

16  0 
18  8 
12  0 

fi 

10  8 

.4 

8} 

8 

6 

GQ 

11 

1  7 

6 

9  7 

1 

»' 

8 

2 

11} 

1  7 

? 

9  0 
8  0 

iS* 

8 

2 

0 
10 

12 

1  6 

^ 

? 

7  4 
6  10 

}?* 

2 
2 

9 
8 

^ 

9 

1  9 
1  8 

1 

i' 

6  4 
6  0 

11} 

12 

2 
2 

6 
4 

I 

10 
J?* 

1  7 
1  6 

Si 

00 

S' 

5  8 

6  4 

o> 

11 
11} 

1  6 
1  4 

6 

4 

0 

9i 

5  0 

^ 

6J 

8 

8 

12 

1  4 

10 
10} 

4  10 
4  6 

7 
7} 

8 
8 

5 
2 

1 
CO 

^ 

10 

1  6 

11 

4  4 

8 

8 

0 

»" 

10} 

1  4 

11} 

4  2 

8} 

2 

10 

.a 

11 

1  4 

12 

4  0 

» 

2 

8 

o 

11} 

1  8 

Hewn  and  sawed  timber  are  measured  by  the  cubic  foot.  The 
unit  of  board  measure  is  a  superficial  foot  one  inch  thick. 

To  measure  round  timber. — ^Multiply  the  length  in  feet  by  the 
square  of  ^  of  the  mean  girth  in  inches,  and  the  product  divided 
by  144  gives  the  content  in  cubic  feet. 

The^  girths  of  apiece  of  timber,  taken  at  five  points,  equally 
cUstant  from  each  other,  are  24,  28,  83,  85,  and  40  inches;  the 
length  30  feet,  what  is  the  content  7 

24  +  28  +  83  +  35  +  40 

aa  32. 


82»  X 


5 
30 


Then  — j|j—  =-  213J  cubic  feet. 


rI^i 
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Table  containing  the  Superficies  and  Solid  Content  ofSphereSjfrom 
1  to  12,  and  advancing  by  a  tenth. 


DiML 

SoUdltj. 

DUm. 

SiiiMrfloiei. 

BoUditj. 

DUm. 

Solidity. 

1-0 

8-1416 

•6286 

4-7 

69-8979 

64-8617 

8-4 

221-6712 

810-8898 

•1 

8-8018 

•6969 

-8 

72-8824 

67-9069 

•5 

226-9806 

821-5568 

•2 

4-6289 

•9047 

•9 

75-4298 

>  61-6010 

•6 

282-8527 

8880389 

•8 

6-3098 

1-1608 

60 

78-6400 

;  66-4600 

•7 

287-7877 

344-7921 

•4 

61676 

1-4867 

-1 

81-7180 

69-4660 

-8 

248-2866 

366-8187 

•6 

7-0686 

1-7671 

-2 

84*9488 

78-6228 

•9 

248-8461 

869-1217 

-6 

8-0424 

2-1446 

•8 

88-2476 

77-9619 

9-0 

264-4696 

881-7044 

•7 

90792 

2-6724 

•4 

91-6090 

82-4481 

-1 

260-1668 

894-5697 

•8 

10-1787 

8-0586 

-6 

96-0884 

871189 

•2 

265-9180 

407-7210 

•9 

11-8411 

8-6918 

•6 

98-6205 

91-9625 

-8 

271-7169 

421-1613 

2-0 

12-6664 

4-1888 

•7 

102-0706 

96-9670 

-4 

277-6917 

434-8937 

•1 

18-8644 

4-8490 

-8 

105-6884 

102-1606 

•5 

288-5294 

448-9215 

•2 

16-2058 

6-6762 

•9 

109-8590 

107-5864 

•6 

289-6298 

463-2477 

•8 

16-6190 

68706 

6-0 

118-0976 

1180976 

•7 

296-5981 

477-7755 

•4 

18-0956 

7-2882 

1  -1 

116-8989 

118-8472 

•8 

801-7192 

492-8081 

•6 

19-6850 

8-1812 

-2 

120-7681 

124-7885 

-9 

807-9082 

608-0485 

•6 

21-2872 

92027 

•8 

124-6901 

180-9246 

10-0 

814-1600 

523-6000 

•7 

22-9022 

10-8060 

-4 

128-6799 

187-2686 

•1 

820-4746 

539-4656 

•8 

24-6800 

11-4940 

•5 

182-7826 

148-7986 

•2 

826-8620 

555-6485 

•9 

26-4208 

12-7700 

-6 

186-8480 

150-5829 

•8 

888-2928 

572-1518 

8.0 

28-2744 

141872 

•7 

141-0264 

167-4795 

•4 

889-7964 

688-9784 

•1 

801907 

16-5986 

-8 

145-2676 

164-6865 

•5 

846-8614 

606-1824 

•2 

821699 

17-1578 

-9 

149-5715 

172-0078 

•6 

852-9901 

623-6169 

•8 

84-2120 

18-8166 

7-0 

158-9884 

179-5948 

•7 

859-6817 

641-4826 

•4 

86-8168 

20-5796 

-1 

158-8680 

187-4021 

-8 

866-4862 

659-5852 

•6 

88-4846 

22-4498 

-2 

162-8605 

196-4826 

•9 

878-2684 

678-0771 

•6 

40-7161 

24-4290 

•8 

167-4158 

208-6898 

11-0 

880-1886 

696-9116 

•7 

48  0086 

26-6219 

•4 

172-0840 

212-1762 

•1 

887-0765 

716-0915 

•8 

45-8647 

28-7809 

•6 

176-7150 

220-8987 

-2 

894-0828 

785 -6200 

•9 

47-7887 

81-0594 

-6 

181-4688 

229-8478 

-8 

401-1609 

755-5008 

4-0 

60-2666 

88-5104 

•7 

186-2654 

2890511 

-4 

408-2828 

775-7864 

•1 

62-8102 

860870 

,-8 

191-1849 

248-4754 

•6 

415-4766 

796-8801 

•2 

66-4178 

88-7924 

•9 

196-0672 

268-1562 

-6 

422-7886 

817-2861 

•8 

68-0881 

41-6298 

8-0 

201-0624 

268-0882 

-7 

480-0686 

838-6045 

-4 

60-8218 

44-6028 

•1 

2061208 

278-2625 

-8 

487-4368 

860-2915 

•6 

68-6174 

47-7180 

•2 

211-2411 

288-6962 

•9 

444-8819 

882-8492 

•6 

66-4782 

50-9661 

•8 

216-4248 

299-8876 

120 

462-8904 

904-7808 

To  reduce  Solid  Inches  into 

Solii 

iFeet. 

1728  SoHd  Inches  to 

one  Solid  Foot 

Feet.  Inohei. 

Feet 

Inehet. 

Feet. 

Inehei. 

Feet 

iMhei. 

Feet 

Inohei. 

Feet 

Jmohm. 

1=1728 

18s 

=81104 

85» 

=60480 

62b 

B88956 

69s 

=119282 

85b 

=146880 

2     3456 

19 

82882 

86 

62208 

53 

91584 

70 

120960 

86 

148608 

3     5184 

20 

84560 

87 

68986 

54 

98812 

71 

122688 

87 

160886 

4     6912 

21 

86288 

38 

65664 

55 

95040 

72 

124416 

88 

152064 

5     8640 

22 

88016 

89 

67892 

66 

96768 

78 

126144 

89 

153792 

6  10868 

28 

89744 

40 

69120 

57 

98496 

74 

127872 

90 

155520 

7  12096 

24 

41472 

41 

70848 

68 

100224 

76 

129600 

91 

157248 

8  18824 

25 

48200 

42 

72576 

59 

101952 

76 

181828 

92 

158976 

9  15552 

26 

44928 

43 

74804 

60 

108680 

77 

188056 

98 

160704 

10  17280 

27 

46656 

44 

76082 

61 

105408 

78 

134784 

94 

162482 

11  19008 

28 

48884 

45 

77760 

62 

107136 

79 

186512 

96 

164160 

12  20786 

29 

50112 

46 

79488 

68 

108864 

80 

188240 

96 

165888 

18  22464 

30 

61840 

47 

81216 

64 

110592 

81 

189968 

97 

167616 

14  24192 

81 

58568 

48 

82944 

65 

112820 

82 

141696 

98 

169344 

16  25920 

82 

56296 

49 

84672 

66 

114048 

83 

148424 

99 

171072 

16  27648 

38 

67024 

50 

86400 

67 

116776 

84 

145152 

100 

172800 

17  29876 

34 

58762 

51 

88128 

68 

117604 
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ciTTTiiras  Aim  embankmehts. 

The  angle  of  repose  upon  railways,  or  that  incline  on  which  a 
carriage  wonld  rest  in  whatever  situation  it  was  placed,  is  said  to 
be  at  1  in  280,  or  nearly  19  feet  per  mile ;  at  any  greater  rise 
than  this,  the  force  of  gravity  overcomes  the  horizontal  traction, 
and  carriages  will  not  rest,  or  remain  quiescent  upon  the  line,  but 
will  of  themselves  run  down  the  line  with  accelerated  velocity. 
The  angle  of  practical  effect  is  variously  stated,  ranging  from  1  in 
75  to  1  in  330. 

The  width  of  land  required  for  a  railway  must  vary  with  the 
depth  of  the  cuttings  and  length  of  embankments,  together  with 
the  slopes  necessary  to  be  given  to  suit  the  various  materials  of 
which  the  cuttings  are  composed :  thus,  rock  will  generally  stand 
when  the  sides  are  vertical ;  chalk  varies  'from  ^  to  1,  to  1  to  1 ; 
gravel  IJ  to  1 ;  coal  1 J  to  1 ;  clay  1  to  1,  &c. ;  but  where  land 
can  be  obtained  at  a  reasonable  rate,  it  is  always  well  to  be  on  the 
safe  side. 

The  following  Table  is  calculated  for  the  purpose  of  ascertain- 
ing the  extent  of  any  cutting  in  cubic  yards,  for  1  chain,  22  yards, 
or  66  feet  in  length,  the  slopes  or  angles  of  the  sides  being  those 
which  are  most  in  general  practice,  and  formation  level  equal  30  feet. 

Slope%  1  to  1. 


,D<pthlHalf 

Content 

Content 

Content 

I>ejth 
cat- 

Half 

Content 

Content 

Content 

1    of      vidth 
i  cni-       at     1 

Content 
in  cubic 

of  1  per- 
pendlca- 
Ur  ft.  in 

pendW 

of  6peT- 
pendTon- 
fMft.in 

width 
at 

Content 
in  enbio 

of  1  per- 
pendicu- 
lar ft.  in 

of  3  per- 
pendicu- 
lar ft.  in 

of  6  per- 
pendicn- 
lar  ft.  in 

u*gin  top  in 

ynx^pcr 

ting  in 

top  in 

yardiper 

|f^     f«t.  1 

chain. 

breadth. 

breadth. 

breadth. 

feet. 

feet. 

chain. 

breadth. 

breadth,  j  breadth. 

1 

16 

75-78 

2-44 

7-88 

14-67 

"26~ 

41 

8599-11 

68-65 

190-67 '381 -83 

2 

17 

166-42 

4-89 

14-67 

29-33 

27 

42 

3762-00 

66-99 

19800  39600 

3 

18 

242-00 

7-88 

22-00 

44-00 

28 

43 

3969-78 

68-43 

206-38  410-07 

4 

19 

832-44 

9-78 

29-88 

58-67 

29 

44 

4182-44 

70-88 

212-67  425-33 

5 

20 

427-78 

12-22 

86-67 

78-83 

80 

45 

4400-00 

78-32 

220-00  44000 

6 

21 

528-00 

14-67 

4400 

88-00 

81 

46 

4622-44 

75-77 

227-88 

454-67 

7 

22 

63311 

17-11 

61-83 

102-67 

82 

47 

4849-78 

78-22 

234-67 

469-38 

8 

23 

74311 

19-56 

58-67 

117-38 

88 

48 

5082-00 

80-67 

242-00 

484-00 

9 

24 

85800 

22-00 

66-00 

182-00 

84 

49 

5819-11 

88-11 

249-83 

498-67 

10 

25 

977-78 

24-44 

78-83 

146-67 

85 

60 

5561-11 

85-66 

256-67  ;513-33 

11 

26 

1102-44 

26-89 

80-67 

161-88 

36 

61 

680800 

88-00 

264-00!62800 

12 

27 

1232-00 

29-33 

88-00 

176-00 

87 

52 

6059-78 

90-44 

271-33 

542-07 

13 

28 

1366-44 

81-78 

96-83 

190-67 

88 

58 

6316-44 

92-39 

278-67 

657-33 

14 

29 

1505-78 

34-22 

102-67 

205-33 

39 

64 

6578-00 

96-38 

286-00 

672-00 

15 

80 

1660-00 

86-66 

110-00 

220-00 

40 

65 

6844-44 

97-77 

298-33 

686-67 

16 

81 

1799-11 

39-11 

117-83 

284-67 

41 

56 

7115-78 

100-22 

300-67 

601-38 

17 

82 

195311 

41-55 

124-67 

249-88 

42 

57 

7392-00 

102-66 

308-00|616-00 

18 

33 

211200 

43-99 

182-00 

264-00 

43 

58 

7673-11 

106-11 

815-83  630-67 

19 

34 

2275-78 

46-44 

189-33 

278-67 

44 

59 

7959-11 

107-66 

322-67  646-33 

20 

36 

2444-44 

48-89 

146-67 

298-33 

45 

60 

8260-00 

109-99 

330-00  660-00 

21 

86 

2618-00 

51-88 

164-00 

808-00 

46 

61 

8645-78 

112-44 

387-83:674-67 

22 

37 

2796-44 

58-77 

161-38 

822-67 

47 

62 

8846-44 

114-88 

344-67:689-33 

23 

88 

2979-78 

56-21 

168-67 

387-38 

48 

68 

9152-00 

117-38 

352-0070400 

24 

39 

3168-00 

58-66 

176-00 

852-00 

49 

64 

9462-44 

119-77 

369-33718-67 

25 

40 

3361-11 

61-10 

183-33 

866-67 

50 

65 

9777-78 

122-21 

366-67|783-33 
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Slopes  l\tol. 


'Depth'  Half 


Half 

width !  Content 

at*  I  incubio 

vanla  jtcr   iar  ft.  in.iar  ft.  in  iar  ft.  in  ting  in  top  in  yards  p«r 
cb.iin.     '  breadtli.  breadth.  I  breadth.  !  feet.     feet.        chain. 


Content    of  1  p^r-  »f  3  p*r-  of  6  {Kjr-  ;     of 
in  cubic   'pendicu-  pendicu-  pendicn-  '  cut- 


77-00 
161-33 
253-00 
352-00 
453-33 
572-00 
693-00 
821-33 
2^  957-00 
30  11100-00 
31jil250-33 
"  1408-00 
1673-00 
1746-33 
1925-00 
2112-00 
2306-33 
2508-00 
271700 
2933-33 
4(;i'3157-00 
48"'3388-00 
49*3626-83 
51*|3872-00 
52il4125-00 


341 

36 

87i 

31) 

40J 

42 

43A 

46" 


2-44 
4-89 
7-33 
9-78 
12-22 
14-67 
17-11 
19-56 
22-00 
24-44 
26-89 
29-33 
31-78 
34-22 
36-66 
39-11 
41-65 
43-99 
46-44 
48-89 
51-33 
53-77 
56-21 
58-66 
61-10 


7-33: 

14-67i 

22-00! 

29-331 

36-671 

44-00' 

61-33  102 

68-67  117 

66-00  132 

73-33  146 

80-67|161 

88-00!l76 

95-83|l90 

102-671205 

11000,220-( 

117-33  234-< 

124-67i249 


67  32 
33  33 


264 
278 
293 


132-00 
139-83 
146-67 
154  00 
|161-33  322 
168-67337 
176-00;352 
183-33|366 


34 
35 
36 
37 
38 
89 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
60 


54 

65i 

57" 

58i 

60 

61J 

63 

64i 

66 

67i 

69 

70J 

72 

73J 

75 

78 

79J 

81 

82} 

84 

86} 

87^ 

88J 

90 


4385 

4653 

4928 

6210 

6500 

6797 

6101 

6413 

6732 

7058 

7392 

7733 

8081 

8437 

8800 

9170 

9548 

9933 

10325 

10725 

11132 

11546 

11968 

12397 

12833 


Content  I  Content 
of  1  j>«r-,of  Sper- 
pcndicu- .  p«ndieo- 
lar  ft.  in  I  Iar  ft.  in 
breadth,   breadth. 


63-55 

65-99, 

68-43 

70-88 

73-32 

75-77 

78-22 

80-67 

83-11 

86-66 

88-00 

90-44i 

92-39 

95-33 

97-77 

100-22 

102-66 

105-11 

107-66 

109-99 

112-44 

114-88 

•00'  117-38 


Content 
wf  6  jjcr- 
pcndica- 
lar  ft.  in 
breadth. 


190-67  381-33 
198-00  396-00 


205-33 
212-67 
220-00 
227-83 
234-67 
242-00 
249-33 
256-67 
264-00 


410-67 
425-33 
44000 
454-67 
469-88 
484-00 
498-67 
613-38 
528-00 


00 


119-77 


271-83  542-67 
278-67I557-33 
286-00!572-00 
298-33'586-67 
300-67  i601 -33 
808-00  616-00 
815-33'630-67 
322-67  645-33 
380-00i660-00 
337-331674-67 
344-67689-38 
862-00;704  00 
359-33  718-67 


•33  122-21. 866 -67. 733-33 


I 


Slopes  2  to  1. 


Depth  1  Half                      |  Content  |  Content 

Content 

Depth 

Half 

Content 

Content  |  Content 

of     jwi'ith     Cont<-nt   lof  1  ^H'r-,->f  3  par- 

of 6  pcr- 

of 

width 

Content 

of  1  per- 

of S  ^r-  of  6  iH'r- 
pendicu-  r^jariica- 
lar  ft  in  Iar  n.  in 

ent-  1     at        in  cubic    'pendicu-, pcudicu- 

ii^ndicu- 

cut- 

at 

in  cubic 

pendicu- 
lar ft.  In 

thijcin  t-'P  in,  3-ards  pur  Iar  ft.  inlar  ft.  in  Iar  ft.  in 

ting  in 

top  in 

yarda  per 

feot. 
1 

fuct.  1     chain.     Jbrcadth.  J  breadth,  breadth. 

feet. 

feet. 

chain. 

breadth. 

breadth,  .breadth. 

17 

78-22 

2-44 

7-33 

14-67 

26 

67 

6211-55 

68-56 

190-67  381-88 

2 

19 

166-22 

4-89 

14-67 

29-33 

27 

69 

6544-00 

65-99 

198-00396-00 

8 

21 

264-00 

7-88 

22-00 

44-00 

28 

71 

5886-22 

68-43 

205-33  410-67 

4 

28 

871-65 

9-78 

29-33 

68-67 

29 

78 

6238-22 

70-88 

212-67  426-33 

5 

26 

488-89 

12-22 

86-67 

78-83 

30 

76 

6600-00 

78-32 

220-00  440-00 

6 

27 

61600 

14-67 

44-00 

88-00 

31 

77 

6971-55 

76-77 

227-83  454-67 

7 

29 

752-89 

17-11 

51-83 

102-67 

32 

79 

7852-89 

78-22 

234-67  469-83 

8 

81 

899-55 

19-66 

58-67 

117-83 

33 

81 

7744-00 

80-67 

242-00  484-00 

9 

83 

1056-00  22-00 

66-00 

132-00 

84 

88 

8144-89 

88-11 

249-83498-67 

10 

86 

1222-22 

24-44 

73-88 

146-67 

85 

86 

8565-56 

86-55 

256-67  !513-33 

11 

37 

1398-22 

26-89 

80-67 

161-33 

36 

87 

8976-00 

88-00 

264-00,528-00 

12 

89 

1584-00 

29-83 

88-00 

176-00 

37 

89 

9406-22 

90-44 

271-33,542-67 

18 

41 

1779-65 

81-78 

95-83 

190  67 

88 

91 

9846-22 

92-39 

278-67,557-33 

14 

43 

1984-89 

84-22 

102-67 

205-83 

89 

98 

10296-00 

96-83 

286-00,572-00 

15 

46 

2200-00 

86-66 

11000 

220-00 

40 

96 

10765-55 

97-77 

293 -83 1586 -67 

16 

47  ,2424-89 

89-11 

117-38 

284-67 

41 

97 

11224-89 

100-22 

800-671601-33 

17 

49  '2659-56 

41-65 

124-67 

249-33 

42 

99 

11704-00 

102-66 

308-00  616-00 

18 

51  |2904-00 

48-99 

132-00 

264-00 

48 

101 

12192-89 

105-11 

315-33 1630-67 

19 

53  8168-22 

46-44 

139-33 

278-67 

44 

108 

12691-55 

107-65 

322-67  645-33 

20 

65  84-2222  48-89 

146-67 

293-33 

45 

105 

18200-00  109-99 

330-00  660-00 

21 

67  '8696-001  51-33  '  164 -00; 308 -00' 

46 

107 

18718-22  112-44 

337-83  674-67 

22 

69  13979-56 !  53-77  ll61-33'322-67 

47 

109 

14246-22  114-88 

344-67  689-33 

28 

61  .4272-89156-21  |168-67j387-83 

48 

111 

14784 -00'll7-83 

352-00  704-00 

24 

63  14576-00  68-66  !  176-00  352-00 

49 

118 

15331-55119-77 

359-33  718-67 

26 

66  4888-89  61-10  188-38 1366-67| 

1                          1            1            i 

60 

116 

15888-89J122-21 

366-67  J33-33 
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By  the  fourth,  fifth,  and  sixth  columns  in  each  table,  the  number 
of  cubic  yards  is  easily  ascertained  at  any  other  width  of  formation 
level  above  or  below  80  feet,  having  the  same  slopes  as  by  the 
tables,  thus : — 

Suppose  an  excavation  of  40  fieet  in  depth,  and  33  feet  in  width 
at  formation  level,  whose  slopes  or  sides  are  at  an  angle  of  2  to  1, 
required  the  extent  of  excavation  in  cubic  yards : 

10755-55  +  293-33  =  11048-88  cubic  yards. 

The  number  of  cubic  yards  in  any  other  excavation  may  be  as- 
certained b^  the  following  simple  rule : 

To  the  width  at  formation  level  in  feet,  add  the  horizontal  length 
of  the  side  of  the  triangle  formed  by  the  slope,  multiply  the  sum 
by  the  depth  of  the  cutting,  or  excavation,  and  by  the  length,  also 
in  feet ;  divide  the  product  by  27,  and  the  quotient  is  the  content 
in  cubic  yards. 

Suppose  a  cutting  of  any  length,  and  of  which  take  1  chain,  its 
depth  being  14|  feet,  width  at  the  bottom  28  feet,  and  whose  sides 
have  a  slope  of  1^  to  1,  required  the  content  in  cubic  yards : 

14-5  X  1-25  =  18-125  +  28  x  14  =  645-75  x  66  = 
42619-5       ,,^,  ,     ,. 
— 27 ~  1578-5  cubic  yards. 

I  {{b  +  rh')h'  +  {f,  +  rh)h  +  i[b  +  r^^]^-^| 

gives  the  content  of  any  cutting.  In  words,  this  formula  will  be : — 
To  the  area  of  each  end,  add  four  times  the  middle  area ;  the  sum 
multiplied  by  the  length  and  divided  by  6  gives  the  content.  The 
breadth  at  the  bottom  of  cutting  =  b ;  the  perpendicular  depth  of 
cutting  at  the  higher  end  =  A ;  the  perpendicular  depths  of  cutting 
at  the  lower  end  =  A';  Z,  the  length  of  the  solid ;  and  rh'  the  ratio 
of  the  perpendicular  height  of  the  slope  to  the  horizontal  base,  mul- 
tiplied by  the  height  h\  rh,  the  ratio  r,  of  the  perpendicular 
height  of  the  slope,  to  the  horizontal  base,  multiplied  by  the 
height  A. 

Let  J  =  80;  A  =  50;  A'  =  20;  Z  ==  84feet;  and  2  to  5  or  f 
the  ratio  of  the  perpendicular  height  of  the  slope  to  the  horizontal 
base: 

84  r  50  +  20 

■g- 1  (30  +  i  X  20)  20  +  (30  +  f  X  50)  50  +  4  [30  +  }  — f— ] 

^^^t^O  I  =  14  {  38  X  20  +  50  X  50  +  4  X  44  X  35 1  = : 

131880 
cubic  feet.     — gT —  ~  4884-44  cubic  yards, 

This  rule  is  one  of  the  most  useful  in  the  mensuration  of  solids, 
it  will  give  the  content  of  any  irregular  solid  very  nearly,  whether 
it  be  bounded  by  right  lines  or  not. 


=131880 
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Table  of  Square9y  Oiibes^  Square  and  Cube  Boots  of  Numbers. 


Namb«r. 

Cttbw. 

Square  Rooti. 

Cnb«Rooti. 

1 

1 

1 

1-0000000 

1-0000000 

•100000000 

2 

4 

8 

1-4142186 

1-2599210 

•500000000 

8 

9 

27 

1-7820608 

1-4422496 

•833333333 

4 

16 

64 

2-0000000 

1-5874011 

-250000000 

5 

25 

125 

2-2360680 

1-7099769 

•200000000 

6 

86 

216 

2-4494897 

1-8171206 

-16G666667 

7 

49 

848 

2-6457518 

1-9129812 

•142867148 

8 

64 

512 

2-8284271 

2-0000000 

•125000000 

9 

81 

729 

3-0000000 

2-0800837 

•111111111 

10 

100 

1000 

8-1622777 

2-1644347 

•100000000 

11 

121 

1881 

8-8166248 

2-2239801 

•090909091 

12 

144 

1728 

8-4641016 

2-2894286 

•083838388 

13 

169 

2197 

8-6066518 

2-8613347 

-076923077 

14 

196 

2744 

8-7416574 

2-4101422 

•071428571 

16 

225 

8375 

8-8729838 

2-4662121 

•066666667 

16 

256 

4096 

4-0000000 

2-6198421 

•062500000 

17 

289 

4918 

4-1281056 

2-6712816 

•058828529 

18 

824 

5882 

4-2426407 

2-6207414 

•055666556 

19 

861 

6859 

4-8688989 

2-6684016 

•062631679 

20 

400 

8000 

4-4721360 

2-7144177 

•060000000 

21 

441 

9261 

4-6826757 

2-7689243 

•047619048 

22 

484 

10648 

4-6904168 

2-8020398 

-046454546 

23 

529 

12167 

4-7958815 

2-8438670 

•043478261 

24 

576 

13824 

4-8989795 

2-8844991 

•041666667 

25 

625 

15625 

5-0000000 

2-9240177 

•040000000 

26 

676 

17576 

5-0990195 

2-9624960 

•038461588 

27 

729 

19683 

5-1961624 

8-0000000 

•087037087 

28 

784 

21952 

5-2916026 

8-0365889 

•085714286 

29 

841 

24889 

5-8861648 

8-0728168 

•034482759 

80 

900 

27000 

5-4772266 

8-1072326 

•083338338 

81 

961 

29791 

5-5677644 

8-1418806 

•082268066 

82 

1024 

82768 

5-6668642 

8-1748021 

•031250000 

83 

1089 

85987 

5-7446626 

8-2076343 

•080308080 

84 

1156 

89804 

5-8809519 

8-2396118 

•029411765 

85 

1226 

42875 

5-9160798 

8-2710668 

•028671429 

86 

1296 

46656 

6-0000000 

8-8019272 

•027777778 

87 

1869 

50658 

6-0827625 

8-8822218 

•027027027 

88 

1444 

54872 

6-1644140 

8-8619764 

•026815789 

89 

1521 

59819 

6-2449980 

8-3912114 

-025641026 

40 

1600 

64000 

6-8245668 

8-4199519 

•025000000 

41 

1681 

68921 

6-4031242 

8-4482172 

•024390244 

42 

1764 

74088 

6-4807407 

8-4760266 

•028809524 

48 

1849 

79507 

6-5674885 

8-6038981 

•028265814 

44 

1986 

86184 

6-6882496 

8-5303488 

•022727278 

45 

2025 

91125 

6-7082089 

8-6668938 

•022222222 

46 

2116 

97386 

6-7828300 

8-5880479 

•021789130 

47 

2209 

108828 

6-8556646 

8-6088261 

•021276600 

48 

2804 

110592 

6-9282032 

8-6342411 

-020833888 

49 

2401 

117649 

7-0000000 

8-6698067 

•020408168 

50 

2500 

125000 

7-0710678 

8-6840814 

•020000000 

51 

2601 

182651 

7-1414284 

8-7084298 

•019607848 

52 

2704 

140608 

7-2111026 

8-7825111 

•019230769 

53 

2809 

148877 

7-2801099 

8-7662868 

•018867925 

54 

2916 

157464 

7-8484692 

8-7797631 

•018518519 

55 

8025 

166875 

7-4161985 

8-8029526 

•018181818 

56 

8186 

175616 

7-4888148 

8-8258624 

•017867143 

57 

8249 

185198 

7-5498844 

8-8486011 

•017643860 
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Noalwr. 

flqurea. 

Cubes. 

Sqwura  Soots. 

Cabe  Roots. 

Reolproeals. 

58 

8864 

196112 

7-6167731 

3-8708766 

•017241379 

59 

8481 

205379 

7-6811457 

8-8929966 

•016949153 

60 

8600 

216000 

7-7459667 

8-9148676 

•016666667 

61 

8721 

226981 

7-8102497 

8-9804972 

•016393443 

62 

8844 

238328 

7-8740079 

8-9578916 

•016129032 

63 

8969 

250047 

7-9872539 

8-9790671 

-015873016 

64 

4096 

262144 

8-0000000 

4-0000000 

•015625000 

65 

4226 

274625 

8-0622577 

4-0207256 

-016384615 

66 

4856 

287496 

8-1240884 

40412401 

•015151515 

67 

4489 

800768 

8-1868628 

4-0615480 

-014925378 

68 

4624 

814432 

.  8-2462118 

4-0816561 

-014705882 

69 

4761 

828509 

8-8066239 

4-1016661 

•014492754 

70 

4900 

348000 

8-8666003 

4-1212858 

•014285714 

71 

6041 

867911 

8-4261498 

4-1408178 

•014084517 

72 

6184 

378248 

8-4852814 

4-1601676 

'  -018888889 

73 

5329 

889017 

8-6440037 

4-1798390 

•013698630 

74 

6476 

405224 

8-6023263 

4-1983364 

-013513514 

76 

5C25 

421875 

8-6602540 

4-2171638 

•013333333 

.  76 

5776 

438976 

8-7177979 

4-2358236 

•018167895 

77 

5929 

466533 

8-7749644 

4-2643210 

•012987013 

78 

6084 

474652 

8-8317609 

4-2726586 

•012820513 

79 

6241 

493039 

8-8881944 

4-2908404 

•012658228 

80 

6400 

612000 

8-9442719 

4-8088696 

•012500000 

81 

6661 

631441 

9-0000000 

4-8267487 

•012345679 

82 

6724 

651868 

90568851 

4-3444816 

•012195122 

83 

6889 

671787 

9-1104336 

4-3620707 

•012048193 

84 

7066 

692704 

9-1651614 

4-3795191 

•011904762 

85 

7225 

614125 

9-2196446 

4-3968296 

•011764706 

86 

7396 

636056 

9-2736185 

4-4140049 

•011627907 

87 

7569 

658503 

9-3273791 

4-4310476 

•011494253 

88 

7744 

681472 

9-3808815 

4-4470692 

•011863636 

89 

7921 

704969 

9-4339811 

4-4647451 

-011285955 

90 

8100 

729000 

9-4868330 

4-4814047 

•011111111 

91 

8281 

753671 

9-6393920 

4-4979414 

•010989011 

92 

8464 

778688 

9-6916630 

4-5148674 

•010869565 

93 

8649 

804357 

9*6436608 

4-5306549 

•010762088 

94 

8836 

830584 

9-6953597 

4-5468359 

•010638298 

95 

9025 

857374 

9-7467943 

4-5629026 

-010526316 

96 

9216 

884736 

9-7979590 

4-6788670 

•010416607 

97 

9409 

912678 

9-8488578 

4-6947009 

-010300278 

98 

9604 

941192 

9-8994949 

4-6104363 

-010204082 

99 

9801 

970299 

9-9498744 

4-6260650 

-010101010 

100 

10000 

1000000 

10-0000000 

4-6415888 

•010000000 

101 

10201 

1080301 

10-0498756 

4-6570095 

•009900990 

102 

10404 

1061208 

10-0995049 

4-6723287 

•009803922 

103 

10609 

1092727 

10-1488916 

4-6876482 

•009708738 

104 

10816 

1124864 

10-1980390 

4-7026694 

•009615885 

105 

11026 

1157625 

10-2469608 

4-7176940 

•009523810 

106 

11236 

1191016 

10-2956801 

4-7326235 

•009433902 

107 

11449 

1225048 

10-8440804 

4-7474594 

•009346794 

108 

11664 

1259712 

10-8923048 

4-7622032 

•009259259 

109 

11881 

1296029 

10-4403066 

4-7768562 

•009174312 

110 

12100 

1831000 

10-4880886 

4-7914199 

•009090909 

111 

12321 

1367631 

10-6356638 

4-8058996 

•009009009 

112 

12544 

1404928 

10-6830052 

4-8202845 

•008928571 

113 

12769 

1442897 

10-6301458 

4-8345881 

•0088495.38 

114 

12996 

1481644 

10-6770783 

4-8488076 

■008771930 

115 

13225 

1520875 

10-7288053 

4-8629442 

•0080950.32 

116 

13456 

1560896 

10-7703296 

4-8769990 

•008020090 

117 

18689 

1601013 

10-8166538 

4-8909782 

•008547009 

118 

13924 

1643032 

10-8627805 

4-9048681 

•008474576 

119 

14161 

1685169 

10-9087121 

4-9186847 

•008403301 

i2 
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NumUr. 

Sqa&rei. 

CulMSB. 

Square  Roots. 

Cub«  RooU. 

Reciproealf. 

120 

14400 

1728000 

10-9544512 

4-9324242 

•008338333 

121 

14641 

1771561 

11-0000000 

4-9400874 

•008264463 

122 

14834 

1815848 

11-0453610 

4-9590757 

•008196721 

123 

16129 

1800867 

11-0905366 

4-9731898 

•008130081 

121 

16376 

1906624 

11-1356287 

4-9866310 

•008064516 

125 

16626 

1953126 

11-1803399 

6-0000000 

•008000000 

12G 

16876 

2000376 

11-2249722 

6-0132979 

•007936508 

127 

16129 

2048383 

11-2694277 

6-0265257 

•007874016 

128 

16384 

2097152 

11-31370&6 

6-0396842 

•007812500 

129 

16641 

2146689 

11-3578167 

6-0527748 

•007751938 

130 

16900 

2197000 

11-4017543 

60657970 

•007692308 

131 

17161 

2248091 

11-4455231 

60787531 

•007633588 

182 

17424 

2299968 

11-4891258 

5-0916484 

•007675758 

133 

17689 

2352637 

11-6325626 

6-1044687 

•007618797 

134 

17956 

2406104 

11-6768369 

6-1172299 

•007402687 

135 

18226 

2460376 

11-6189500 

6-1299278 

•007407407 

136 

18496 

2616456 

11-6619038 

6-1425632 

•007352941 

187 

18769 

2571353 

11-7046999 

6-1551367 

•007299270 

138 

19044 

2628072 

11-7473444 

5-1676493 

•007246377 

139 

19321 

2686619 

11-7898261 

5-1801015 

•007194245 

140 

19600 

2744000 

11-8321596 

6-1924941 

•007142857 

Ul 

19881 

2803221 

11-8748421 

6-2048279 

•007092199 

142 

20164 

2863288 

11-9163768 

5-2171034 

•007042254 

143 

20449 

2924207 

11-9582607 

6-2293215 

•000993007 

144 

20736 

2985984 

120000000 

6-2414828 

•000944444 

145 

21026 

8048626 

12-0415946 

6-2535879 

•006896552 

146 

21816 

8112186 

12-0830460 

5.2656374 

•006849315 

147 

21609 

8176528 

12-1243557 

6-2776321 

•006802721 

148 

21904 

8241792 

12-1655251 

6-2895725 

•006756757 

149 

22201 

8307949 

12-2065556 

6-3014592 

•000711409 

150 

22500 

8876000 

12-2474487 

6-3132928 

•000666607 

151 

22801 

8442951 

12-2882057 

6-3250740 

•000622517 

152 

23104 

8511008 

12-3288280 

6-3368038 

•006578947 

153 

23409 

3581577 

12-8693169 

6-3484812 

•006536948 

154 

23716 

8652264 

12-4096736 

6-3601084 

•006493506 

155 

24025 

8723875 

12-4498996 

6-3710854 

•006451613 

156 

24336 

8796416 

12-4899960 

6-3832126 

•006410256 

157 

24649 

3869893 

12-5299041 

6-3940907 

•006369427 

158 

24964 

3944312 

12-5698051 

6-4061202 

•006329114 

159 

25281 

4019679 

12-6095202 

6.4175016 

•006289808 

100 

25600 

4096000 

120491106 

64288352 

•006250000 

101 

25921 

4173281 

12-6885776 

5-4401218 

-006211180 

102 

26244 

4251528 

12-7279221 

6-4513618 

•006172840 

163 

26569 

4330747 

127671458 

6-4625556 

•006134969 

164 

26896 

4410944 

12-8062485 

6-4737037 

•006097661 

165 

27225 

4492126 

12-8452326 

6-4848066 

-006000606 

166 

27556 

4674236 

12-8840987 

5-4958647 

•006024096 

167 

27889 

4657463 

12-9228480 

5-5008784 

•005988024 

168 

28224 

4741632 

12-9614814 

6-5178484 

•005962381 

169 

28561 

4826809 

13-0000000 

6-5287748 

•005917160 

170 

28900 

4913000 

13-0384048 

6-5390588 

•005882353 

171 

29241 

6000211 

13-0766968 

5-5504991 

•005847953 

172 

29584 

6088448 

13-1148770 

6-5612978 

•005818953 

173 

29929 

6177717 

13-1529464 

5-5720546 

•005780347 

174 

30276 

6268024 

13-1909060 

6-5827702 

•005747126 

175 

30625 

6359375 

13-2287506 

6-5934447 

•005714286 

176 

30976 

6451776 

13-2064902 

6-6040787 

•005681818 

177 

31329 

6545233 

13-3041347 

6-6140724 

•005649718 

178 

31084 

6639752 

13-3416641 

6-6252263 

•005617978 

179 

32041 

57353;]9 

13-3790^>82 

6-6357408 

•005580592 

ISO 

32400 

6832000 

13-4164079 

5-6402162 

•005555556 

181 

32761 

5929741 

13-4536240 

6-6560528 

•005524862 
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Number. 

Sqoares. 

Cubed. 

SqTiAre  Roots. 

Cube  Boots. 

Reciprocals. 

182 

33124 

6028568 

13-4907376 

6-6670511 

•005494505 

183 

33489 

6128487 

13-5277493 

6-6T74114 

•005464481 

184 

83856 

6229504 

13-5646600 

6-6877340 

•005434783 

185 

34226 

0331625 

13-6014705 

6-6980192 

•005405405 

186 

84596 

6434856 

13-6381817 

6-7082675 

•005376344 

,   187 

34969 

6539203 

13-6747943 

5-7184791 

•005347594 

1   188 

35344 

6644672 

13-7113092 

6-7286543 

•005319149 

189 

36721 

6751269 

18-7477271 

5-7387936 

•005291005 

100 

86100 

6859000 

13-7840488 

6-7488971 

-005263168 

,  1^1 

30481 

6967871 

13-8202750 

6-7589652 

•005235G02 

r.i2 

36864 

7077888 

13-8564065 

6-7689982 

-005208333 

1  193 

37249 

7189517 

13-8924400 

6-7789966 

•005181347 

!  194 

37636 

7301384 

1^-9283883 

6-7889604 

-005154039 

195 

38025 

7414875 

13-9642400 

5-7988900 

•005128205 

196 

38416 

7529536 

14  0000000 

6-8087857 

•005102041 

197 

38809 

7645373 

14-0356688 

6-8186479 

•005070142 

198 

39204 

7762392 

140712473 

6-8284867 

•005050505 

199 

39601 

7880599 

14-1067360 

6-8382725 

•005025126 

200 

40000 

8000000 

141421356 

5-8480355 

•005000000 

201 

40401 

8120601 

14-1774469 

6-8577660 

-004975124 

202 

40804 

8242408 

14-2126704 

6-8674673 

•004950495 

1  203 

41209 

8365427 

14-2478068 

5-8771307 

•004926108 

204 

41616 

8489664 

14-2828569 

5-8867653 

•004901961 

1  205 

42025 

8615125 

14-3178211 

5-8963685 

•004878049 

1  20f5 

42436 

8741816 

14-3527001 

6-9059406 

-004854309 

207 

42849 

8869743 

14-3874946 

6-9154817 

•004830918 

208 

43264 

8998912 

14-4222051 

6-9249921 

•004807602 

209 

43681 

9129329 

14-4568323 

6-9344721 

•004784089 

210 

44100 

9261000 

14-4913767 

6-9439220 

•004761905 

211 

44521 

9393931 

14-5258390 

6-9533418 

•004739330 

212 

44944 

9628128 

14-5602198 

5-9627320 

•004716981 

213 

45369 

96(33597 

14-5945196 

5-9720926 

•004604836 

214 

45796 

9800344 

14-6287388 

6-9814240 

•004072897 

215 

46225 

9938375 

14-6628783 

6-9907264 

•004651163 

216 

46656 

10077696 

14-6969385 

6-0000000 

•004G29G30 

1  217 

47089 

10218313 

14-7309199 

60092450 

•0040US205 

218 

•   47524 

10360232 

14-7648231 

6-0184617 

•004587 lOG 

219 

47901 

10503459 

14-7986486 

6-0276502 

-004566210 

220 

48400 

10648000 

14-8323970 

6-0368107 

•004545455 

221 

48841 

10793861 

14-8660687 

6-0459435 

•004524887 

222 

49284 

10941048 

14-8996644 

6-0550489 

•004504505 

223 

49729 

11089567 

14-9331846 

6-0641270 

•004484305 

224 

50176 

11239424 

14-9666295 

6-0731779 

•004464286 

225 

50625 

11390625 

15-0000000 

6-0824020 

•004444444 

226 

51076 

,  11543176 

15-0332964 

6-0991994 

•004424779 

227 

51529 

11697083 

15-0665192 

6-1001702 

•004405286 

228 

51984 

11852352 

16-0996689 

6-1091147 

•004385965 

229 

52441 

12008989 

15-1327460 

6-1180332 

•004360812 

230 

62900 

12167000 

15-1657509 

6-1269257 

•004347826 

231 

63361 

12326391 

15-1986842 

6-1357924 

•004329004 

232 

53824 

12487168 

16-2315462 

6-1446337 

•004310345 

233 

64289 

12649337 

15-2643376 

6-1634496 

•004291845 

234 

64756 

12812904 

16-2970585 

6-1622401 

•004273504 

235 

65225 

12977875 

15-3297097 

6-1710058 

•004255319 

236 

55696 

13144256 

16-3622916 

6-1797466 

•004237288 

237 

66169 

13312053 

15-3948043 

6-1884628 

■004219409 

238 

66644 

13481272 

15-4272486 

6-1971544 

•004201681 

239 

57121 

13651919 

15-4596248 

6-2058218 

-004184100 

240 

67600 

13824000 

15-4919334 

6-2144650 

•0041G6G67 

241 

68081 

13997521 

16-5241747 

6-2230843 

•004149378 

242 

58564 

14172488 

15-5503492 

6-2316797 

•004132231 

243 

59049 

14348907 

15-5884573 

6-2402515 

•004115226 
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1  Namber. 

Bqnarei. 

Cnbei. 

Square  Roota. 

Cube  Roots. 

j   244 

69536 

14526784 

16-6204994 

6-2487998 

•004098361 

1   245 

60025 

14706125 

15 -6524768 

6-2573248 

•004081033 

246 

60516 

14886936 

15-6843871 

6-2658266 

•004065041 

'   247 

61009 

16069223 

15-7162336 

6-2743064 

•004048583 

248 

61504 

16252992 

16-7480157 

6-2827618 

•004032258 

249 

62001 

15438249 

16-7797338 

6-2911946 

•004016064 

250 

62500 

16626000 

15-8118883 

6-2996053 

•004000000 

1   261 

63001 

15813251 

15-8429795 

6-3079936 

•003984064 

'   262 

68604 

16008008 

15-8745079 

6-3163596 

•003968254 

253 

64009 

16194277 

15-9059787 

6-3247086 

•003952569 

254 

64616 

16387064 

15-9373775 

6-3330256 

•008937008 

255 

65025 

16581375 

15-9687194 

6-3418257 

•003921569 

1   256 

66636 

16777216 

16-0000000 

6-3496042 

•003906250 

257 

66049 

16974693 

16-031219O 

0-3578611 

•003891051 

258 

66504 

17173512 

160623784 

6-3600968 

•003875969 

259 

67081 

17373979 

16-0934709 

6-3743111 

•003861004 

260 

67000 

17576000 

161245155 

6-3825043 

•003846154 

261 

68121 

17779581 

16-1554944 

6-3906766 

•008831418 

262 

68644 

17984728 

161864141 

6-3988279 

•003816794 

263 

69169 

18191447 

16-2172747 

6-4069585 

•003802281 

264 

69696 

18399744 

16-2480708 

6-4150087 

•003787879 

265 

70225 

18009026 

16-2788206 

6-4231583 

•003773585 

266 

70766 

18821096 

16-3095064 

6-4312276 

•003759398 

267 

71289 

19034163 

16-3401346 

6-4392767 

•003745318 

268 

71824 

19248832 

16-3707055 

6-4473057 

•003781848 

269 

72361 

19465109 

16-4012195 

6-4553148 

•003717472 

270 

72900 

19083000 

16-4310767 

6-4033041 

•003703704 

271 

73441 

19902511 

16-4620776 

6-4712736 

•003090037 

272 

73984 

20123643 

16-4924225 

6-4792236 

•003676471 

273 

74529 

20:340417 

16-5227116 

6-4871541 

•003663004 

•  274 

75076 

20570824 

16-5529454 

6-4950053 

■003049035 

275 

75625 

20790875 

16-5831240 

6-5029572 

•003030364 

276 

76176 

21024576 

16-6132477 

6-5108300 

•003023188 

277 

76729 

21253083 

16-6433170 

6-5180839 

•003610108 

278 

77284 

21484952 

16-6783320 

6-5205189 

•003597122 

279 

77841 

21717039 

16-7032931 

6-5343351 

•003584229 

280 

78400 

21952000 

16-7332005 

6-5121326 

•003571429 

281 

78961 

22188041 

16-7030546 

6-5499116 

•003558719 

282 

79524 

22425708 

16-7928556 

6-5576722 

•003546099 

;   283 

80089 

22005187 

16-8226038 

6-5054144  . 

•003533509 

281 

80656 

22900304 

16-8522995 

6-5731385 

•003522127 

'   285 

81225 

23149125 

16-8819430 

6-5808443 

•003508772 

286 

81796 

23393056 

16-9116345 

6-5885323 

•003490503 

287 

82369 

23031-903 

16-9410743 

6-5902023 

•003484321 

288 

82944 

23887872 

16-9705027 

6-6038545 

•003472222 

289 

83521 

24137509 

17-0000000 

6-6114890 

•003460208 

290 

84100 

24389000 

17-0293804 

6-6191060 

•003448276 

291 

84681 

24042171 

17-05S7221 

6-0207054 

•003486426 

292 

85204 

24897088 

17-0880075 

0-0342874 

•003424058 

293 

85849 

25153757 

17-1172428 

6-6418522 

•003412009 

294 

86436 

25412184 

171404282 

6-0493998 

•003401361 

295 

87025 

25072375 

17-1755040 

6-0509302 

•003389831 

296 

87616 

25934S30 

17-2046505 

6-0044437 

•003378378 

297 

88209 

2019b073 

17-2330879 

6-6719403 

•0033G7003 

298 

8S&04 

20403592 

17-2020705 

6-6794200 

•003355705 

299 

89401 

20730899 

17-2916105 

6-0808831 

•003344482 

300 

90000 

27000000 

17-3205081 

6-0943295 

•003333333 

301 

90601 

27270901 

17-3490516 

6-7017593 

•003322259 

302 

91204 

27543008 

17-3781472 

6-7091729 

•003311258 

303 

91809 

27818127 

17-400b'J52 

6-7165700 

•003301330 

304 

92416 

280'j44»;4 

17  •4355958 

6-7239508 

•003289474 

305 

93025 

28372025 

17-4042492 

6-7313155 

•003278089 
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Niimb«r. ' 

Squares. 

CabM. 

Sqanre  Roots. 

Cube  Hooto. 

Keeiproeals. 

306 

98636 

28652616 

17-4928567 

6-7386641 

•003267974 

307 

94249 

28984443 

17-5214165 

6-7459967 

-003257829 

308 

94864 

29218112 

17-5499288 

6-7533184 

•003246753 

809 

96481 

29503609 

17-5788958 

6-7606143 

•003286246 

310 

96100 

29791000 

17-6068169 

6-7678995 

•003226806 

811 

96721 

80080231 

17-6851921 

6-7761690 

•003215434 

312 

97344 

80871828 

17-6685217 

6-7824229 

•003205128 

813 

97969 

80664297 

17-6918060 

6-7896618 

•003194888 

314 

98596 

80959144 

17-7200451 

6-7968844 

•008184718 

315 

9Q225 

81265875 

17-7482893 

6-8040921 

•003174603 

816 

99856 

81654496 

17-7763888 

6-8112847 

•003164557 

817 

100489 

81855018 

17-8044938 

6-8184820 

-003154674 

318 

101124 

82167432 

17-8325645 

6-8266242 

•003144654 

819 

101761 

82461759 

17-8605711 

6-8327714 

•003134796 

320 

102400 

82768000 

17-8885488 

6-8399087 

•003125000 

821 

103041 

83076161 

17-9164729 

6-8470218 

•003116265 

322 

103684 

83386248 

17-9443684 

6-8541240 

•008105500 

323 

104329 

88698267 

17-9722008 

6-8612120 

•003095975 

324 

104976 

84012224 

18-0000000 

6-8682855 

•003086420 

325 

105625 

34828125 

18-0277664 

6-8763483 

-003076023 

826 

106276 

34646976 

18-0554701 

6-8828888 

•003067485 

327 

106929 

84966783  • 

18-0831418 

6-8894188 

•003058104 

328 

107584 

86287552 

18-1107703 

6-8964346 

•003048780 

329 

108241 

35611289 

18-1383571 

6-9034359 

•003039514 

330 

108900 

86937000 

18-1659021 

6-9104232 

•0030:30303 

831 

109661 

86264691 

18-1934054 

6-9173964 

•003021148 

832 

110224 

86694368 

18-2208672 

6'9243566 

•003012048 

333 

110889 

86926037 

18-2482876 

6-9313088 

•003003003 

334 

111656 

87259704 

18-2756669 

6-9382321 

•002904012 

835 

112225 

87595375 

18-3030052 

6-9451496 

•002985075 

836 

112896 

37933056 

18-3303028 

6-9620533 

•002976100 

337 

113569 

38272753 

18-3675598 

6-9589434 

•002967350 

838 

114244 

38614472 

18-3847763 

6-9658198 

•002958580 

339 

114921 

38958219 

18-4119526 

6-9726826 

•002949853 

340 

115600 

89304000 

18-4390889 

6-9795321 

•002941176 

841 

116281 

89651821 

18-4661853 

6-9868681 

•002932551 

342 

116964 

40001688 

18-4932420 

6-9931906 

•002928977 

343 

117649 

40353607 

18-5202592 

7-0000000 

•002915452 

844 

118386 

40707584 

18-5472370 

7-0007962 

•00290G977 

345 

119025 

41068626 

18-5741766 

7-0136791 

-002898651 

346 

119716 

41421736 

18-6010752 

7-0208490 

•002890173 

847 

120409 

41781923 

18-6279360 

7-0271058 

•002881844 

848 

121104 

42144192 

18-6547681 

7-0338497 

•002873563 

349 

121801 

42608549 

18-6816417 

7-0405860 

•002865330 

850 

122500 

42876000 

18-7082869 

7-0472987 

•002857143 

351 

123201 

48248551 

18-7349940 

7-0540041 

•002849003 

352 

123904 

48614208 

18-7616630 

7-0606967 

•002840909 

853 

124609 

48986977 

18-7882942 

7-0673767 

•002832861 

854 

125816 

44861864 

18-8148877 

7-0740440 

•002824859 

355 

126025 

44738876 

18-8414437 

7-0806988 

•002816901 

356 

126736 

46118016 

18-8679623 

7-0873411 

•002808989 

857 

127449 

46499293 

18-8944436 

7-0939709 

•002801120 

358 

128164 

46882712 

18-9208879 

7-1005886 

•002793296 

359 

128881 

46268279 

18-9472953 

7-1071987 

•002785516 

360 

129600 

46666000 

18-9786660 

7-1137866 

•002777778 

361 

130321 

47046881 

19-0000000 

7-1203674 

•002770088 

862 

181044 

47487928 

19-0262976 

7-1269860 

•002762431 

363 

131769 

47832147 

19-0525589 

7-1834926 

•002764821 

364 

182496 

48228644 

19-0787840 

7-1400870 

•002747263 

365 

183225 

48627126 

19-1049782 

7-1465696 

•002739726 

366 

133956 

49027896 

19-1311266 

7-1630901 

•002782240 

367 

134689 

49480863 

19-1572441 

7-1695988 

•002724796 
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Number. 

SqiMrot. 

Cubef. 

6qaar«  Rooti. 

Cahe  RooU. 

RcriprocftW. 

808 

135424 

498300;J2 

19-1833261 

7-1060957 

•002717391 

869 

186161 

50243409 

19-2093727 

7-1725809 

•002710027  1 

370 

136900 

50053000 

19-2353841 

7-1790544 

•002702703  | 

371 

137641 

61064811 

19-2613003 

7-1855162 

•OO20'.'.j418  ' 

372 

138384 

51478848 

19-2873015 

7-1919003 

-002r,8M72  ' 

873 

139129 

61895117 

19-3132079 

7-1984050 

•OO208(i'.H;.-i  i 

374 

139876 

52313024 

19-3390796 

7-2048322 

•002073797  : 

375 

140625 

62734375 

19-3649167 

7-2112479 

•O02o<;»;oo7 

376 

141376 

63157376 

19-3907194 

7-2176522 

•00205t':)74 

377 

142129 

63582633 

19-4164878 

7-2240450 

•002052  ■■)20  i 

378 

142884 

64010152 

19-4422221 

7-2304208 

•00201.-,-jO.J  , 

379 

143641 

64439939 

19-4679223 

7-2307972 

-OO203S521  , 

380 

144400 

64872000 

19-4935887 

7-2431505 

-002031579  1 

381 

145161 

65300341 

19-5192213 

7-2495045 

-O020iii072  ' 

382 

145924 

55742908 

19-5448203 

7-2558415 

•002017.^01 

383 

146689 

66181887 

19-5703858 

7-2021675 

•O020109';0 

384 

147456 

60023104 

19-5959179 

7-2084824 

•002004107  1 

385 

148225 

67000025 

19-6214169 

7-2747804 

•002507 403 

380 

148996 

67512456 

19-0408827 

7-2810794 

-002G90t;74 

387 

149769 

67900003 

19-6723156 

7-2873017 

-0025><3979 

388 

150544 

58411072 

19-6977156 

7-2936330 

-002577320  l 

389 

151321 

68803809 

19-7230829 

7-2998936 

•002570094  1 

3U0 

152100 

59319000 

19-7484177 

7-3061436 

•002504103  1 

391 

152881 

59770471 

19-7737199 

7-3123828 

•002557545  • 

392 

153064 

00230288 

19-7989899 

7-3186114 

•002551020  1 

393 

154449 

60098457 

19-8242276 

7-3248295 

•002544529 

394 

150236 

61162984 

19-8494332 

7-3310369 

•0025:58071 

395 

150025 

61029875 

19-8746069 

7-8372339 

-002531040 

396 

150816 

62099136 

19-8997487 

7-3434205 

-002525253 

397 

157009 

62570773 

19-9248588 

7-3495966 

•00251 8>'92 

398 

158404 

63044792 

19-9499373 

7-3557624 

•002512503 

399 

159201 

63521199 

19-9749844 

7-3619178 

•002500200 

400 

160000 

64000000 

20-0000000 

7-3680630 

•002500000 

401 

100801 

64481201 

20-0249844 

7-3741979 

•002493700 

402 

161004 

64904808 

20-0499377 

7-3803227 

•002487502 

403 

102409 

65450827 

200748599 

7-3864373 

•002481390 

404 

103216 

65939264 

20-0997512 

7-3925418 

•002475248 

405 

164025 

60430125 

20-1246118 

7-3980303 

•002469130 

406 

164836 

60923416 

20-1494417 

7-4047206 

•002403054 

407 

165049 

67419143 

201742410 

7-4107950 

•002457002 

408 

160464 

67917312 

20-1990099 

7-4168595 

•002450980 

409 

167281 

68417929 

20-2237484 

7-4229142 

•002444988 

410 

168100 

68921000 

20-2484567 

7-4289589 

•002439024 

411 

168921 

69426531 

20-2731349 

7-4349938 

•002433090 

412 

169744 

69934528 

20-2977831 

7-4410189 

•002427184 

413 

170509 

70444997 

20-3224014 

7-4470343 

•002421308 

414 

171396 

70957944 

20-3469899 

7-4530399 

•002416459 

415 

172225 

71473375 

20-3715488 

7-4590359 

•002409639 

416 

173056 

71991296 

20-3960781 

7-4050223 

•002406846 

417 

173889 

72511713 

20-4205779 

7-4709991 

•002398082 

418 

174724 

73034632 

20-4450483 

7-4769664 

-002392344 

419 

175561 

73560059 

20-4694895 

7-4829242 

-002386035 

420 

176400 

74088000 

20-4939016 

7-4888724 

•002380952 

421 

177241 

74618461 

20-6182845 

7-4948118 

•002375297 

422 

178084 

75151448 

20-5426386 

7-6007406 

•002369008 

423 

178929 

75686967 

20-5669638 

7-6066607 

•002304066 

424 

179776 

76225024 

20-5912603 

7-5125716 

•002358491 

425 

180625 

76765625 

20-6155281 

7-5184730 

•002352941 

.426 

181476 

77308776 

20-6397674 

7-6243052 

•002347418 

427 

182329 

77854483 

20-6639783 

7-6302482 

•002341920 

428 

183184 

78402752 

20-6881609 

7-5361221 

-002336449 

429 

184041 

78953589 

20-7123152 

7-6419867 

-002381002 
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Number.  | 

Squares. 

Cube«. 

8qaar«  Roots. 

Cube  RooU. 

ReeiprooalB. 

430 

184900 

79507000 

20-7364414 

7-6478428 

-002325581 

431 

185761 

80062991 

20-7605396 

7-5636888 

•002320186 

432 

186624 

80621568 

20-7846097 

7-6696263 

-002314815 

433 

187489 

81182737 

20-8086520 

7-5653548 

-002309469 

434 

188356 

81746504 

20-8326667 

7-6711743 

•002304147 

435 

180225 

82312875 

20-8566636 

7-6769849 

-002298861 

430 

190096 

82881856 

20-8806130 

7-6827865 

•002293678 

437 

190969 

83453453 

20-9045450 

7-6885793 

•002288330 

438 

191844 

84027672 

20-9284495 

7-5943633 

-002283105 

439 

192721 

84604519 

20-9528268 

7-6001385 

•002277904 

440 

193600 

85184000 

20-9761770 

7-6059049 

-002272727 

441 

194481 

85766121 

21-0000000 

7-6116626 

•002267574 

442 

195364 

86350888 

21-0237960 

7-6174116 

-002262443 

443 

196249 

86938307 

21-0475662 

7-6231619 

•002257336 

444 

197136 

87528384 

21-0713075 

7-6288837 

-002262252 

445 

198025 

88121125 

21-0960231 

7-6346067 

•002247191 

446 

198916 

88716536 

21-1187121 

7-6403218 

•002242162 

!  447 

199809 

89314623 

21-1423745 

7-6460272 

•002237136 

44a 

200704 

89916392 

21-1660105 

7-6517247 

•002232143 

449 

201601 

90518849 

21-1896201 

7-6674138 

•002227171 

450 

202500 

91126000 

21-2182034 

7-6630943 

•002222222 

451 

208401 

91733851 

21-2367606 

7-6687665 

-002217295 

1  452 

204304 

92345408 

21-2602916 

7-6744308 

•002212389 

1  453 

205209 

92959677 

21-2837967 

7-6800857 

-002207506 

454 

200116 

98576664 

21-3072768 

7-6857328 

•002202643 

455 

207025 

94196376  i 

21-3307290 

7-6913717 

•002197802 

456 

207936 

94818816 

21-3641565 

7-6970028 

-002192982 

457 

208849 

95443993 

21-3775583 

7-7026246 

•002188184 

458 

209764 

96071912 

21-4009346 

7-7082388 

•002183406 

459 

210681 

96702579 

21-4242853 

7-7188448 

•002178049 

460 

211600 

97336000 

21-4476106 

7-7194426 

•002173913 

1  461 

212521 

97972181 

21-4709106 

7-7260326 

•002169197 

462 

213444 

98611128 

21-4941863 

7-7306141 

•002164502 

463 

214369 

99252847 

21-6174348 

7-7361877 

-002159827 

464 

215296 

99897344 

21-6406592 

7-7417632 

•002155172 

465 

216225 

100544625 

21-5638687 

7-7473109 

•002150538 

466 

217156 

101194696 

21-6870331 

7-7628606 

-002146923 

467 

218089 

101847563 

21-6101828 

7-7584023 

-002141328 

468 

219024 

102508282 

21-6383077 

7-7639361 

•002136762 

469 

219961 

108161709 

21-6664078 

7-7694620 

•002132196 

470 

220900 

103823000 

21-6794834 

7-7749801 

•002127660 

471 

221841 

104487111 

21-7025844 

7-7804904 

•002123142 

472 

222784 

106154048 

21-7255610 

7-7859928 

•002118644 

473 

228729 

105828817 

21-7485632 

7-7914876 

•002114165 

474 

224676 

.  106496424 

21-7716411 

7-7969745 

•002109705 

475 

226625 

107171876 

21-7944947 

7-8024688 

-002106263 

476 

226576 

107860176 

21-8174242 

7-8079254 

-002100840 

477 

227529 

108631383 

21-8403297 

7-8183892 

-002096486 

478 

228484 

J09216352 

21-8632111 

7-8188456 

•002092060 

479 

229441 

109902239 

21-8860686 

7-8242942 

•002087688 

480 

280400 

110692000 

21-9089023 

7-8297353 

•002083333 

481 

231361 

111284641 

21-9317122 

7-8361688 

-002079002 

482 

282324 

111980168 

21-9544984 

7-8405949 

•002074689 

483 

233289 

112678687 

21-9772610 

7-8460134 

•002070393 

484 

284256 

113379904 

22.0000000 

7-8514244 

•002006116 

485 

236225 

114084125 

22-0227166 

7-8668281 

•002001866 

486 

236196 

114791266 

22-0464077 

7-8622242 

•002057618 

487 

237169 

116501308 

22-0680765 

7-8676130 

•002053388 

488 

238144 

116214272 

22-0907220 

7-8729944 

•002049180 

489 

289121 

116930169 

22-1133444 

7-8783684 

•002044990 

490 

240100 

117649000 

22-1359436 

7-8887362 

•002040816 

491 

241081 

118370771 

221585198 

7-8890946 

•002036660 
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Number. 

SqiUlTM. 

Cul>ei. 

8qiiar«RooU. 

CubeSoota. 

Bacipncala. 

492 

242004 

119096488 

22-1810730 

7-8944468 

•002032520 

498 

243049 

119823157 

22-2036033 

7-8997917 

•002028398 

.  494 

244036 

120553784 

22-2261108 

7-9051294 

•002024291 

496 

245025 

121287376 

22  •2486956 

7-9104599 

•002020202 

496 

246016 

122023986 

22-2710575 

7-9167882 

•002016129 

497 

247009 

122763478 

22-2934968 

7-9210994 

•002012072 

498 

248004 

123506992 

22-8159136 

7-9264086 

•002008032 

499 

249001 

124251499 

22-3383079 

7-9817104 

•002004008 

600 

250000 

125000000 

22-3606798 

7-9370058 

-002000000 

601 

251001 

125751501 

22-3830298 

7-9422981 

•001996008 

602 

252004 

126606008 

22-4058665 

7-9476789 

-001992032 

603 

253009 

127263627 

22-4276615 

7*9628477 

•001988072 

604 

254016 

128024064 

22-4499448 

7-9581144 

-001984127 

605 

255026 

128787625 

22-4722051 

7-9033748 

-001980198 

606 

256036 

129554216 

22-4944488 

7-9686271 

-001976285 

607 

257049 

130323843 

22-6166606 

7-9738731 

•001972387 

608 

258064 

131096512 

22-6388553 

7-9791122 

-001968504 

609 

259081 

131872229 

22-5610283 

7-9848444 

-001964637 

610 

260100 

132651000 

22-5831796 

7-9895697 

-001960784 

611 

261121 

133432831 

22-6053091 

7-9947888 

•001956947 

612 

262144 

134217728 

22-6274170 

8-0000000 

•001953125 

613 

263169 

135005697 

22-6495033 

8-0052049 

•001949818 

614 

264196 

136796744 

22-6715681 

8-0104032 

-001945525 

615 

205225 

136590876 

22-6936114 

8-0165946 

-001941748 

616 

260256 

137388096 

22-7166384 

8-0207794 

•001937984 

617 

267289 

188188413 

22-7376341 

8-0259574 

•001934236 

618 

208324 

188991882 

22-7596134 

8-0811287 

-001930502 

619 

209361 

139796359 

22-7815715 

8-0362986 

-001926782 

620 

270400 

140608000 

22-8035085 

8-0414515 

-001923077 

621 

271411 

141420761 

22-8254244 

8-0466030 

•001919386 

622 

272484 

142236648 

22-8473198 

8-0517479 

-001915709 

523 

273529 

143055667 

22-8691983 

8-0668862 

-001912046 

524 

274576 

143877824 

22-8910463 

8-0620180 

•001908397 

625 

275625 

144703125 

22-9128785 

8-0671432 

•001904762 

626 

276676 

145531676 

22-9346899 

8-0722620 

•001901141 

527 

277729 

146363183 

22-9564806 

8-0773748 

-001897533 

528 

278784 

147197952 

22-9782506 

8-0824800 

•001893939 

529 

279841 

148035889 

23-0000000 

8-0876794 

-001890859 

530 

280900 

148877001 

23-0217289 

8-0926728 

•001886792 

631 

281961 

149721291 

23-0434372 

80977589 

-001883239 

632 

283024 

150568768 

28-0651252 

8-1028890 

•001879699 

633 

284089 

151419437 

23-0807928 

8-1079128 

•001876178 

634 

285156. 

152273304 

23-1084400 

8-1129803 

•001872659 

635 

2^6225 

153130376 

28-1300070 

8-1180414 

•001869159 

636 

287296 

163990656 

23-1516788 

8-1230962 

-001865672 

637 

288369 

164854163 

23-1732606 

8-1281447 

■001862197 

638 

289444 

165720872 

23-1948270 

8-1381870 

-001858736 

639 

290521 

166590819 

23-2163786 

8-1382280 

•001855288 

640 

291600 

167464000 

23-2379001 

8-1432629 

•001851852 

641 

292681 

168340421 

23-2594067 

8-1482765 

•001848429 

642 

293764 

159220088 

23-2808985 

8-1532989 

•001846018 

643 

294849 

160103007 

23-8023604 

8-1683061 

•001841621 

644 

295936 

160989184 

28-3238076 

8-1633102 

•001838235 

646 

297025 

161878625 

28-8452351 

8-1683092 

•001834862 

646 

298116 

162771336 

23-3666429 

8-1733020 

-001831502 

647 

299209 

163667323 

23-3880311 

8-1782888 

•001828154 

648 

300304 

164566592 

23-4093998 

8-1832695 

-001824818 

649 

301401 

165469149 

23-4307490 

8-1882441 

-001821494 

650 

802500 

166375000 

23-4520788 

8-1932127 

•001818182 

551 

303601 

167284161 

23-4733892 

8-1981763 

•001814882 

552 

804704 

168196608 

23-4946802 

8-2031319 

-001811594 

653 

805809 

169112377 

23-5159520 

8-2080825 

•001808818 

TABLB  OF  SQUARES,  CUBES,  SQUABE  AND  CUBE  ROOTS.    109 


NuDber. 

Squarea. 

CttbM. 

CabeKoota. 

lUoiproMla. 

554 

a06916 

170081464 

23-6372046 

8-2130271 

-001806064 

655 

308026 

170963876 

23-6584380 

8-2179667 

-001801802 

556 

B09186 

171879616 

23-6796622 

8-2228986 

-001798661 

557 

810249 

172808G98 

23-6008474 

8-2278254 

•001795832 

558 

311364 

178741112 

23-6220286 

8-2327463 

-001792116 

559 

312481 

174676879 

23.6431808 

8-2876614 

-001788909 

560 

313600 

17661G000 

23-6643191 

8-2426706 

-001786714 

561 

314721 

176668481 

23-6864386 

8-2474740 

-001782631 

562 

815844 

177604328 

28-7065392 

8-2628716 

•001779359 

66a 

816969 

178458547 

23-7276210 

8-2672636 

-001776199 

564 

318096 

179406144 

23-7486842 

8-2621492 

-001773060 

566 

319226 

180362126 

23-7697286 

8-2670294 

-001769912 

566 

320366 

181321496 

23-7907646 

8-2719039 

-001766784 

667 

321489 

182284263 

23-8117618 

8-2767726 

-001763668 

568 

822624 

188260432 

23-8827506 

8-2816266 

•001760563 

569 

328761 

184220009 

23-8687209 

8-2864928 

-001757469 

570 

324900 

186198000 

28-8746728 

8-2918444 

-001764386 

571 

326041 

186169411 

23-8966063 

8-2961903 

•001761313 

572 

327184 

187149248 

23-9166215 

8-8010304 

•001748252 

573 

328829 

188182617 

23-9374184 

8-3068651 

•001745201 

574 

329476 

189119224 

23-9682971 

8-3106941 

-001742160 

576 

330626 

190109376 

23-9791576 

8-3155175 

-001739180 

576 

331776 

191102976 

24-0000000 

8-3203853 

•001786111 

577 

332927 

192100038 

24-0208243 

8-3251475 

•001783102 

578 

334084 

1981*562 

24-0416806 

8-3299642 

•001730104 

679 

836241 

194104589 

24-0624188 

8-3347558 

-001727116 

580 

336400 

196112000 

24-0831891 

8-3396609 

-001724138 

581 

337661 

196122941 

24-1089416 

8-3443410 

-001721170 

682 

338724 

197187368 

24-1246762 

8-3491266 

-001718213 

583 

339889 

198166287 

24-1463929 

8-3639047 

-001715266 

684 

341056 

199176704 

24-1660919 

8-8686784 

-001712829 

686 

342226 

200201626 

24-1867732 

8-8634466 

•001709402 

686 

843396 

201230056 

24-2074369 

8^3682095 

-001706486 

687 

344669 

202262003 

24-2280829 

8-3729668 

•001703578 

688 

346744 

208297472 

24-2487118 

8-8777188 

-001700680 

689 

846921 

204836469 

24-2698222 

8-8824663 

•001697793 

590 

348100 

206379000 

24-2899166 

8-3872066 

•001694916 

691 

349281 

206425071 

24-3104996 

8-3919428 

-001692047 

692 

360464 

207474688 

24-8310601 

8-3966729 

-001689189 

693 

361649 

208627867 

24-3615913 

8-4013981 

-001686341 

694 

862836 

209684584 

24-3721162 

8-4061180 

-001683602 

696 

364026 

210644875 

24'8926218 

8-4108826 

•001680672 

696 

366216 

211708736 

24-4131112 

8-4155419 

-001677862 

697 

866409 

212776173 

24-4836884 

8-4202460 

-001676042 

598 

867604 

218847192 

24-4640386 

8-4249448 

•001672241 

699 

368801 

214921799 

24-4744766 

8-4296383 

-001669449 

600 

360000 

216000000 

24-4948974 

8-4848267 

-001666667 

601 

361201 

217081801 

24-5168013 

8-4390098 

-001663894 

602 

362404 

218167208 

24-6356883 

8-4486877 

-001661180 

603 

363609 

219256227 

24-6660583 

8-4483606 

•001658876 

604 

364816 

220348864 

24-6764116 

8-4630281 

•001666629 

605 

866026 

221445126 

24-6967478 

8-4676906 

•001662898 

606 

867286 

222646016 

24-6170673 

8-4623479 

-001660166 

607 

868449 

223648643 

24-6378700 

8-4670001 

-001647446 

608 

869664 

224765712 

24-6576560 

8-4716471 

-001644787 

609 

370881 

226866529 

24-6779264 

8-4762892 

-001642036 

610 

872100 

226981000 

24-6981781 

8-4809261 

•001639344 

611 

878821 

228099181 

24-7184142 

8-4856579 

•001686661 

612 

874644 

229220928 

24-7386838 

8-4901848 

•001633987 

618 

876769 

280346397 

24-7688868 

8-4948066 

•001631321 

614 

876996 

231476644 

24-7790234 

8-4994233 

-001628664 

616 

878226 

282608876 

24-7991936 

8*6040860 

-001626016 

110 


IHB   PRACTICAL  MODEL   CALCULATOR. 


NnrnWr. 

616 

6(ia»res. 

Cttbef. 

S*iu«re  R*iot«. 
24-8193473 

Cnh«  Roots. 

R»ciproca}s.   j 

879456 

233744896 

8-50H0417 

-0ui0l!3377 

617 

380089 

2348K5113 

24-8.J94847 

8-5132435 

•001020746 

618 

381924  • 

230029032 

24-85901J58 

8-5178403 

•001618123 

619 

383161 

237170059 

24-8797100 

8-5224331 

•001615509 

620 

884400 

238328000 

24-8997992 

8-5270189 

•0016129U3 

621 

885041 

239483001 

24-9198710 

8-5310009 

•0010 10306 

622 

380884 

240041848 

24-9399278 

8-5301780 

•001007717 

623 

888129 

241804367 

24-9599079 

8-5407601 

•001005136 

624 

889376 

242970024 

24-9799920 

8-5453173 

•001002564 

625 

390625 

244140025 

25-0000000 

8-5498797 

•001600000 

626 

891876 

245134376 

25-0199920 

8-5544372 

•001597444 

627 

893129 

240491883 

25-0399081 

8-5589899 

•001694896 

628 

394384 

247673152 

25-0599282 

8-5035377 

•001592367 

629 

395641 

248858189 

25-0798724 

8-6080807 

•001589825 

630 

890900 

250047000 

25-0998008 

8-6720189 

•0015^7302 

631 

398101 

251239591 

25-1197134 

8-5771523 

•001584780 

632 

899424 

252435908 

25-1390102 

8-5810809 

•001682278 

633 

400689 

253030137 

25-1694918 

8-5802247 

•001579779 

634 

401956 

254840104 

25-1793506 

8-6907238 

•001677287 

635 

403225 

250047876 

25-1992003 

8-5952380 

•001574803 

636 

404496 

257259456 

25-2190404 

8-6997476 

•001572.327 

637 

405769 

258474853 

26-2388589 

8-6042525 

■00150l).s.->9 

638 

407044 

259094072 

26-2580019 

8-6087626 

•00150739j< 

639 

408321 

200917119 

26-2784493 

.    8-6132480 

•001504945 

640 

409000 

202144000 

26-2982213 

8-6177888 

•001502500 

641 

410881 

263374721 

25.3179778 

8-6222248 

•001560062 

642 

412164 

264609288 

25.3377189 

8-6267003 

•001557632 

643 

418449 

266847707 

23-3674447 

8-6311830 

•001555210 

644 

414736 

267089984 

26.3771551 

8-6350551 

•001552795 

645 

416125 

208330125 

25.3908502 

8-6401226 

•0015.30.388 

646 

417316 

209585136 

25.4105302 

8-6445855 

•001547988 

647 

418009 

270840023 

26.4361947 

8-6490437 

•00164.5595 

648 

419904 

272097792 

26.4568441 

8-6534974 

•001543210 

649 

421201 

273359449 

25.4754784 

86579465 

•001540832 

650 

422500 

274025000 

25.4950976 

8-6623911 

•001538462 

661 

423801 

276894451 

26.6147013 

8-6668310 

•001536098 

652 

425104 

277107808 

26.5342907 

8-6712665 

•001533742 

653 

420409 

278445077 

26.6538047 

8-6766974 

•001531894 

654 

427716 

279726264 

26.6734237 

8-0801237 

•001529062 

655 

429025 

281011375 

26.6929078 

8-0845456 

•001626718 

656 

430330 

282300416 

26.6124909 

8-6889630 

•001524390 

657 

431639 

283593393 

250320112 

8-6933769 

•001622070 

658 

432964 

284890312 

26.6615107 

8-6977843 

•001519751 

659 

434281 

286191179 

25.6709963 

8-7021882 

•0016174.51 

660 

435600 

287490000 

256904662 

8-7065877 

•001515162 

661 

430921 

288804781 

267099203 

8-7109827 

•0015128.39 

662 

438244 

290117528 

25.7293007 

8-7153734 

•001510574 

668 

439509 

291434247 

25.7487864 

8-7197596 

•001508290 

604 

440896 

292754944 

^5.7681976 

8-7241414 

•OO15O0(r24 

005 

442225 

294079025 

25.7875939 

8-7285187 

•0015U3759 

000 

443556 

295408296 

26.8069768 

8-7328918 

•001501502  , 

607 

444899 

290740963 

268263431 

8-7872004 

•OO14'..92.30  ■ 

008 

440224 

298077632 

25.8456960 

8-7416246 

•OO14ii7OO0 

669 

447501 

299418309 

26.8660348 

8-7459846 

•001494708 

070 

448900 

800763000 

26-8843582 

8-7503401 

•001492537  ' 

671 

450241 

302111711 

26.9036677 

8-7546913 

•0014«JU313  • 

672 

451584 

303404448 

25-9229628 

8-7590383 

•001488095  ' 

673 

452929 

304821217 

25-9422435 

8-7633809 

•0014K>8t<4  1 

674 

454276 

306182024 

25-9015100 

8-7077192 

•0014.S30M)  1 

675 

455025 

307540875 

25-9807021 

8-7720532 

•001481481 

676 

450976 

308915776 

20-0000000 

8-7763830 

•001479290  1 

077 

458329 

310288733 

260192237 

8-7807084 

•001477105 
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Number. 

Squares. 

Cnbe«. 

8qtt»re  Root*. 

Cab«  Soots. 

Roolprooals. 

""eiT 

459G84 

811605752 

26-0384331 

8-7860296 

•001474926 

679 

461041 

813046889 

26-0576284 

8-7893466 

•001472754 

680 

462400 

314482000 

26-0768096 

8-7936598 

-001470588 

681 

463761 

815821241 

26-0959767 

8-7979679 

•001468429 

682 

465124 

317214568 

26-1151297 

8-8022721 

•001466276 

G83 

466489 

818611987 

26-1342687 

8-8065722 

•001464129 

684 

467856 

820013504 

26-1533937 

8-8108081 

-001461988 

685 

469226 

321419125 

26-1725047 

8-8151598 

-001459854 

686 

470596 

822828856 

26-1916017 

8-8194474 

-001457726 

687 

471969 

324242703 

26-2106848 

8-8237307 

•001455604 

688 

473344 

825660672 

26-2297541 

8-8280099 

-001453488 

689 

474721 

827082769 

26-2488095 

8-8322850 

-001451379 

690 

476100 

328509000 

26-2678511 

8-8365559 

-001449275 

691 

477481 

329939371 

26-2868789 

8-8408227 

-001447178 

692 

478864 

331373888 

26-3058929 

8-8450854 

-001445087 

693 

480249 

832812557 

26-3248932 

8-8493440 

•001443001 

694 

481636 

334255384 

26-3438797 

8-8535985 

-001440922 

695 

483025 

886702375 

26-8628527 

8-8578489 

-001438849 

696 

484416 

337153536 

26-8818119 

8-8620952 

-001436782 

697 

485809 

338608873 

^6-4007576 

8-8663375 

-001434720 

698 

487204 

340068392 

26-4196896 

8-8705757 

•001432605 

699 

488601 

341632099 

26-4386081 

8-8748099 

•001430615 

700 

490000 

343000000 

26-4575131 

8-8790400 

•001428571 

701 

491401 

344472101 

26-4764046 

8-8832661 

•001426534 

702 

492804 

845948408 

26-4952826 

8-8874882 

•001424501 

703 

494209 

847428927 

26-5141472 

8-8917063 

•001422475 

704 

495616 

848913664 

26-5329983 

8-8959204 

•001420455 

705 

497025 

350402625 

26-5518361 

8-9001304 

•001418440 

706 

498436 

851895816 

26-5706605 

8-9043366 

•001416431 

707 

499849 

853893243 

26-5894716 

8-9085387 

•001414427 

708 

601264 

864894912 

26-6082694 

8-9127369 

•001412429 

709 

602681 

856400829 

26-6270539 

8-9169311 

•001410437 

710 

604100 

857911000 

26-6458252 

8-9211214 

•001408451 

711 

605621 

869425431 

26-6645833 

8-9258078 

•001406470 

712 

606944 

860944128 

26-6833281 

8-9294902 

-001404494 

713 

508369 

862467097 

26-7020598 

8-9336687 

•001402525 

714 

509796 

868994344 

26-7207784 

8-9378433 

•001400560 

715 

611225 

865525875 

26-7394839 

8-9420140 

•001398601 

716 

612656 

867061696 

26-7581768 

8-9461809 

-001396648 

717 

614089 

868601813 

26-7768557 

8-9503438 

•001394700 

718 

615624 

870146232 

26-7955220 

8-9545029 

•001392758 

719 

616961 

871694959 

26-8141754 

8-9586581 

-001390821 

720 

618400 

878248000 

26-8328157 

8-9628095 

•001388889 

721 

619841 

374805361 

26-8514432 

8-9669570 

•001386963 

722 

621284 

376367048 

26-8700577 

8-9711007 

-001385042 

723 

622729 

377938067 

26-8886593 

8-9752406 

-001383126 

724 

624176 

879603424 

26-9072481 

8-9793766 

•001381216 

725 

625625 

381078125 

26-9258240 

8-9835089 

•001379310 

726 

627076 

382657176 

26-9443872 

8-9876373 

•001377410 

727 

628529 

884240588 

26-9629375 

8-9917620 

•001375516 

728 

629984 

886828352 

26-9814751 

8-9958899 

•001373626 

729 

531441 

887420489 

27  0000000 

9-0000000 

•001371742 

730 

632900 

889017000 

27-0186122 

9-0041134 

•001369863 

781 

634361 

890617891 ' 

27-0370117 

90082229 

•001367989 

732 

635824 

392223168 

27-0554085 

9-0123288 

•001366120  i 

733 

537289 

893882837 

27-0739727 

9-0164309. 

-001364250 

734 

638756 

895446904 

27-0924344 

9-0205298 

-001362398 

735 

540225 

897066375 

27-1108834 

9-0246239 

•0013G0544 

736 

,  541696 

898C8825G 

27-1293199 

9-0287149 

•001358096 

737 

i  543109 

400315553 

27-1477149 

9-0328021 

•001350852 

738 

•  541644 

401947272 

27-1661554 

9-0368857 

•001355014 

739 

1  546121 

403583419 

27-1845544 

9-0409656 

•001363180 
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THK  PKACTICAL  UODBL  CALCULATOR. 


Number. 

SquATM. 

Cabes. 

Square  RooU. 

Cube  Roots. 

740 

647600 

405224000 

27-2029140 

90450419 

•001351361 

741 

549801 

406869021 

27  •2218152 

90491142 

•001349528 

742 

660564 

408518488 

27-2396769 

9-0531831 

•001847709 

743 

562049 

410172407 

27  •2580268 

9-0672482 

•001345895 

744 

553536 

411830784 

27-2763684 

90613098 

•001344086 

746 

655026 

413493626 

27-2946881 

9-0653677 

•001842282 

746 

656516 

416160936 

27-8130006 

9-0694220 

•001340483 

747 

558009 

416832723 

27-8818007 

9-0734726 

•001338688 

748 

659504 

418508992 

27-3496887 

9-0775197 

•001336898 

749 

661001 

420189749 

27-3678044 

9-0815631 

•001335113 

760 

562500 

421875000 

27-3861279 

9-0856030 

•001333833 

761 

664001 

428564751 

27-4043792 

9-0896352 

•001331558 

752 

665504 

426269008 

27-4226184 

9-0936719 

•001329787 

763 

667009 

426957777 

27-4408455 

9-0977010 

•001328021 

754 

668516 

428661064 

27-4590604 

9-1017265 

•001326260 

765 

670026 

480368875 

27-4772688 

9-1057486 

•001824503 

756 

671536 

432081216 

27-4954542 

9-1097669 

•001322751 

757 

673049 

433798093 

27-5186330 

9-1137818 

•001321004 

768 

574564 

435619512 

27-5317998 

9-1177981 

•001319261 

769 

676081 

437246479 

27-6499546 

9-1218010 

•001317523 

760 

677600 

488976000 

27-5680975 

9-1258068 

•001315789 

761 

679121 

440711081 

27-5862284 

9-1298061 

•001814060 

762 

680644 

442450728 

27-6048475 

9-1838034 

•001812336 

763 

582169 

444194947 

27-6224546 

9-1877971 

•001310616 

764 

683696 

446943744 

27-6405499 

9-1417874 

•001808901 

765 

685225 

447697125 

27  •6586384 

9-1467742 

•001307190 

766 

686756 

449456098 

27-6767050 

9-1497576 

•001805483 

767 

688289 

451217668 

27-6947648 

9-1587375 

•001303781 

768 

689824 

462984882 

27-7128129 

9-1677189 

•001802083 

769 

591361 

464756609 

27-7808492 

9-1616869 

•001800390 

770 

692900 

456588000 

27-7488789 

9-1656565 

•001298701 

771 

594441 

468314011 

27-7668868 

9-1696225 

•001297017 

772 

695984 

460099648 

27-7848880 

9-1735852 

•001295337 

778 

697529 

461889917 

27-8028775 

9-1775445 

•001298661 

774 

699076 

463684824 

27-8208656 

9-1815008 

•001291990 

775 

600625 

465484376 

27-8388218 

9-1864627 

•001290323 

776 

602176 

467288676 

27-8567766 

9-1894018 

•001288660 

777 

603729 

469097438 

27-8747197 

9-1933474 

-001287001 

778 

605284 

470910952 

27-8926514 

9-1972897 

•001285347 

779 

606841 

472729139 

27-9105716 

9-2012286 

•001283697 

780 

608400 

474562000 

27-9284801 

9-2061641 

•001282051 

781 

609961 

476379541 

27-9468772 

9-2090962 

•001280410 

782 

611624 

478211768 

27-9642629 

9-2130250 

-001278772 

783 

613089 

480048687 

27-9821872 

9-2169505 

-001277189 

784 

614656 

481890304 

28-0000000 

9-2208726 

•001275510 

785 

616225 

483736626 

28-0178616 

9-2247914 

-001278885 

786 

617796 

485587656 

28-0356915 

9-2287068 

•001272265 

787 

619369 

487443403 

28-0535208 

9-2326189 

-001270648 

788 

620944 

489303872 

28-0718377 

9-2865277 

-001209036 

789 

622521 

491169069 

28-0891488 

9-2404888 

•001267427 

790 

624100 

498089000 

28-1069386 

9-2443856 

-001265823 

791 

625681 

494913671 

28-1247222 

9-2482344 

-001264223 

792 

627624 

496793088 

281424946 

8-2621800 

-001262626 

793 

628849 

498677257 

28-1602667 

9-2560224 

•001261034 

794 

630436 

600666184 

28-1780056 

9-2699114 

-001259446 

795 

682025 

502459876 

28-1957444 

9-2687978 

•001267862 

796 

633616 

504358336 

28-2134720 

9-2676798 

•001266281 

797 

635209 

606261673 

28-2311884 

9-2715592 

•001254705 

798 

636804 

508169592 

28-2488938 

9-2764862 

•001263188 

799 

638401 

610082399 

28-2665881 

9-2798081 

•001251364 

800 

640000 

512000000 

28-2842712 

9-2831777 

-001260000 

801 

641601 

618922401 

28-8019484 

9-2870444 

•001248489 

TABLE  OF  SQUARES,  CUBES,  SQUARE  AND  CUBE  ROOTS.         113 


j  Xomber. 

802 

Squares. 

Cub«B. 

8qnar«  Roots. 

Cube  Roots. 

RoeiprocalB. 

643204 

51584y608 

28-3196045 

9-2909072 

-001246883 

803 

644809 

617781627 

28-8372546 

9-2947671 

•001245330 

804 

646416 

519718464 

28-3548938 

9-2986239 

•001243781 

805 

648025 

521660125 

28-3725219 

9-3024775 

•001242236 

806 

649636 

623606616 

28-3901391 

9-3068278 

•001240695 

8U7 

651249 

525557943 

28-4077454 

9-3101750 

-001289157 

808 

652864 

527514112 

28-4258408 

9-3140190 

-001237624 

809 

654481 

629475129 

28-4429253 

9-3178599 

•001236094 

810 

656100 

531441000 

28-4604989 

9-8216975 

•001234568 

811 

657721 

533411731 

28-4780617 

9-3255320 

•001233046 

812 

659344- 

536387328 

28-4956137 

9-8293684 

•001231527 

813 

660969 

537367797 

28-5181549 

9-3331916 

•001230012 

814 

662596 

539353144 

28-5306852 

9-3370167 

-001228501 

815 

664226 

541343375 

28-5482048 

9-3408386 

•001226994 

816 

665856 

543338496 

28-5657137 

9-3446575 

•001225499 

817 

667489 

545338513 

28-5832119 

9-3484731 

•001223990 

818 

669124 

547343432 

28-6006993 

9-3522857 

•001222494 

819 

670761 

549353259 

28-6181760 

9-3560952 

•001221001 

820 

672400 

551368000 

28-6356421 

9-3599016 

•001219512 

821 

674041 

553387661 

28-6530976 

9-3637049 

•001218027 

822 

676684 

555412248^ 

28-6705424 

9-3675051 

•001216545 

823 

677329 

557441767 

28-6879716 

9-3713022 

•001215067 

824 

678976 

559476224 

28-7054002 

9-3750963 

•001213592 

825 

680626 

561515625 

28-7228132 

9-3788873 

•001212121 

826 

682276 

563559976 

28-7402157 

9-3826762 

•001210654 

827 

683929 

565609283 

28-7576077 

9-3864600 

•001209190 

828 

685584 

567663552 

28-7749891 

9-3902419 

-001207729 

829 

687241 

569722789 

28-7923601 

9-3940206 

•001206273 

830 

688900 

571787000 

28-8097206 

9-3977964 

•001204819 

831 

690561 

573856191 

28-8270706 

9-4015691 

•001203369 

832 

692224 

575930368 

28-8444102 

9-4063387 

•001201923 

833 

698889 

578009537 

28-8617394 

9-4091054 

•001200480 

834 

695556 

580093704 

28-8790582 

9-4128690 

•001199041 

835 

697225 

582182875 

28-8963666 

9-4166297 

•001197605 

836 

698896 

584277056 

28-9136646 

9-4203873 

-001196172 

887 

700569 

586376253 

28-9309523 

9-4241420 

•001194743 

838 

702244 

588480472 

28-9482297 

9-4278936 

•001193317 

839 

703921 

590589719 

28-9654967 

9-4316423 

•001191895 

840 

705600 

592704000 

28-9827535 

9-4853800 

•001190476 

841 

707281 

594823821 

29-0000000 

9-4391807 

•001189061 

842 

708964 

596947688 

29-0172863 

9-4428704 

•001187648 

843 

710649 

599077107 

29-0344623 

9-4466072 

•001186240 

844 

712836 

601211584 

29-0516781 

9-4503410 

•001184834 

846 

714025 

603351125 

29-0688837 

9-4540719 

-001183432 

846 

715716 

605495736 

29-0860791 

9-4577999 

•001182033 

847 

717409 

607645423 

29-1032644 

9-4616249 

•001180638 

848 

719104 

609800192 

29-1204396 

9-4662470 

•001179246 

849 

720801 

611960049 

29-1376046 

9-4689661 

•001177856 

850 

722500 

614125000 

29-1547595 

9-4726824 

•001176471 

851 

724201 

616295051 

29-1719043 

9-4763957 

•001175088 

852 

725904 

618470208 

29-1890390 

9-4801061 

•001173709 

853 

727609 

620650477 

29-2061637 

9-4838136 

•001172333 

854 

729816 

622835864 

29-2232784 

9-4875182 

•001170960 

856 

781025 

625026375 

29-2403830 

9-4912200 

•001169591 

856 

782736 

627222016 

29-2574777 

9-4949188 

•001168224 

867 

784449 

629422793 

29-2745623 

9-4986147 

•001166861 

858 

736164 

681628712 

29-2916370 

9-5023078 

•001165501 

859 

787881 

633839779 

29-3087018 

9-5059980 

•001164144 

860 

789600 

636056000 

29-3257566 

9-5096854 

•001162791 

861 

741821 

638277381 

29-3428015 

9-5133699 

•001161440 

862 

743044 

640503928 

29-3598366 

9-5170515 

•001160093 

863 

7.44769 

642735647 

29-3768616 

9-5207303 

•001158749 
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THE  PRACTICAL  MODEL  CALCULATOB. 


Number. 

Sqnarei. 

Ciil -<.'«. 

Sumre  RooU. 

CuU  Roots. 

BceiprocAli. 

8G4 

740496 

644972044 

29-S'.>:J870y 

9-5244063 

•001157407 

805 

748225 

047214025 

29-4108823 

9-5280794 

•00116C069 

865 

749956 

04940KH90 

29-4278779 

9-6317497 

-001154734 

807 

751689 

651714303 

29-4448637 

9-5354172 

•001153403 

808 

753424 

6539720:32 

29-4618397 

9-6390818 

•001152074 

809 

765161 

6502:^4909 

29-4788059 

9-6427437 

•001150748 

870 

756900 

058503000 

2^-4957624 

9-5464027 

•001149425 

871 

758641 

600770311 

29-6127091 

9-6600589 

•001148106 

872 

760384 

60:3054848 

29-5296461 

9-6537128 

•001146789 

873 

762129 

005:338017 

29-6465734 

9-6578630 

•001145475 

874 

763876 

607027024 

29-5634910 

9-6610108 

-001144165 

876 

765625 

609921875 

29-6803989 

9-6646559 

•001142857 

876 

767376 

672221376 

29-5972972 

9-5682782 

•001141553 

877 

769129 

674520133 

29-0141858 

9-6719377 

-001140251 

878 

770884 

070836152 

29-6310048 

9-5766745 

•001138952 

879 

772641 

679151439 

29-6479342 

9-5792085 

•001137656 

880 

774400 

681472000 

29-6647939 

9-5828397 

-001136364 

881 

776161 

683797841 

29-6816442 

9-5864682 

•001135074 

8»2 

777924 

686128968 

29-6984848 

9-5900937 

•001133787 

883 

779689 

688405387 

29-7163159 

9-6937169 

-001132503 

884 

781456 

690807104 

29-7321376 

9-6973373 

•001131222 

885 

783226 

693154125 

29-7489496 

9-6009548 

•001120944 

886 

784996 

695506456 

29-7657621 

9-6045696 

•001128668 

887 

786769 

697864103 

29-7825452 

9-6081817 

•001127396 

888 

788544 

700227072 

29-7993289 

9-6117911 

•001120126 

889 

790321 

702695369 

29-8161030 

9-6153977 

•001124859 

890 

792100 

704969000 

29-8328678 

9-6190017 

•001123596 

891 

793881 

707347971 

29-8490231 

9-6226080 

•001122334 

892 

796664 

707932288 

29-8603690 

9-6262016 

•001121076 

893 

797449 

712121957 

29-8831056 

9-6297976 

•001119821 

894 

799236 

714616984 

29-8998828 

9-6338907 

•001118568 

895 

801026 

716917875 

29-9166606 

9-6369812 

•001117818 

896 

802816 

719323136 

29-9332591 

9-6406690 

•001116071 

897 

804609 

721734273 

29-9499583 

9-6441542 

•001114827 

898 

806404 

724150792 

29-9666481 

9-6477367 

•001113586 

899 

808201 

726572699 

29-9833287 

9-6513166 

•001112347 

900 

810000 

729000000 

800000000 

9-6548938 

•001111111 

901 

811801 

731432701 

80-0166621 

9-6584684 

•001109878 

902 

813604 

733870808 

80-0383148 

9-6620403 

-001108647 

903 

816409 

736314327 

80-0499584 

9-6656096 

•001107420 

904 

817216 

738763264 

80-0665928 

9-6091762 

•001106196 

905 

819026 

741217626 

800832179 

9-6727403 

•001104972 

906 

820886 

743677416 

80-0998839 

9-6763017 

•001103758 

907 

822649 

746142643 

80-1164407 

9-6798604 

•001102586 

908 

824464 

748613312 

80-1830383 

9-6834166 

•001101322 

909 

826281 

761089429 

80-1496269 

9-6869701 

•001100110 

910 

828100 

763571000 

80-1662068 

9-6905211 

•001098901 

911 

829921 

750058031 

80-1827765 

9-6940694 

•001097696 

912 

831744 

768550825 

80-1993877 

9-6976151 

•001096491 

913 

833669 

761048497 

80-2168899 

9-7011688 

•001095290 

914 

836396 

763661944 

80-2324329 

9-7046989 

•001094092 

915 

837225 

766060875 

80-2489669 

9-7082869 

•001092896 

916 

839066 

708576296 

80-2654919 

9-7117728 

•001091703 

917 

840889 

771096218 

80-2820079 

9-7153061 

•001090518 

918 

842724 

773620632 

80-2986148 

9-7188354 

•001089325  1 

919 

844661 

776161659 

80-3160128 

9-7223631 

•001088139 

920 

846400 

778688000 

80-8816018 

9-7268888 

•001086957 

921 

848241 

781229961 

80-8479818 

9-7294109 

•001085776 

922 

850084 

783777448 

80-8644529 

9-7329309 

•001084599 

923 

861929 

786330467 

80-3809161 

9-7864484 

•001083423 

924 

868776 

788889024 

80-8973683 

9-7899634 

•001082251 

926 

866626 

791468126 

80-4188127 

9-7484758 

•001081081 
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Nni  b«r. 

Squares. 

Gab«8. 

Cabe  Boots. 

Reciprocals. 

926 

857476 

794022776 

80-4802481 

9-7469857 

•001079914 

927 

859329 

796597983 

80-4466747 

9-7504930 

-001078749 

928 

861184 

799178752 

80-4630924 

9-7639979 

-001077686 

929 

863041 

801765089 

80-4795013 

9-7576002 

-001076426 

930 

864900 

804357000 

80-4959014 

9-7610001 

-001075269 

931 

866761 

806954491 

30-5122926 

9-7644974 

•001074114 

932 

868624 

809657568 

30-5286760 

9-7679922 

•001072961 

933 

870489 

812166237 

30-6460487 

9-7714845 

-001071811 

934 

872356 

814780604 

30-6614136 

9-7749743 

-001070664 

935 

874225 

817400375 

30-6777697 

9-7784616 

•001069619 

936 

876096 

820025856 

30-5941171 

9-7829466 

-001068376 

937 

877969 

822656953 

80-6104667 

9-7854288 

-001067236 

938 

879844 

825293672 

30-6267857 

9-7889087 

-001066098 

939 

881721 

827936019 

30-6431069 

9-7923861 

•001064963 

940 

883600 

830584000 

80-6594194 

9-7958611 

•001063830 

941 

885481 

833287621 

80-6767238 

9-7993386 

-001062699 

942 

887364 

835896888 

30-6920185 

9-8028036 

•001061671 

943 

889249 

838561807 

30-7088061 

9-8062711 

•001060445 

944 

891136 

841232384 

30-7245830 

9-8097362 

-001059322 

945 

893025 

848908625 

80-7408523 

9-8181989 

•001058201 

946 

894916 

846590536 

80-7571130 

9-8166591 

-001067082 

947 

896808 

849278128 

80-7783651 

9-8201169 

-001065966 

948 

898704 

851971892 

80-7896086 

9-8285728 

-001054852 

949 

900601 

854670849 

80-8068486 

9-8270252 

•001053741 

9§0 

902500 

867375000 

80-8220700 

9-8804757 

•001052632 

951 

904401 

860085851 

80-8382879 

9-8339288 

•001061525 

952 

906304 

862801408 

80-8544972 

9-8873695 

•001050420 

953 

908209 

865523177 

80-8706981 

9-8408127 

•001049818 

954 

910116 

868250664 

80-8868904 

0-8442536 

•001048218 

955 

912025 

870983875 

80-9030743 

9-8476920 

•001047120 

956 

913936 

873722816 

80-9192477 

9-8511280 

-001046025 

957 

915849 

876467498 

80-9354166 

9-8645617 

•001044932 

958 

917764 

879217912 

80-9516761 

9-8679929 

•001043841 

959 

919681 

881974079 

80-9677261 

9-8614218 

•001042753 

960 

921600 

884736000 

80-9838668 

9-8648483 

•001041667 

961 

928521 

887503681 

81-0000000 

9-8682724 

•001040683 

962 

925444 

890277128 

81-0161248 

9-8716941 

•001039501 

963 

927369 

893056847 

81-0322413 

9-8751185 

•001038422 

964 

929296 

895841844 

81-0488494 

9-8786306 

-001037844 

965 

931225 

898682125 

81-0644491 

9-8819451 

•001036269 

966 

933156 

901428696 

81-0805405 

9-8853574 

•001035197 

967 

985089 

904281068 

81-0966236 

9-8887673 

•001034126 

968 

987024 

907089232 

81-1126984 

9-8921749 

•001083058 

969 

938961 

909853209 

811287648 

9-8966801 

•001031992 

970 

940900 

912673000 

81-1448280 

9-8989830 

•001030928 

971 

942841 

915498611 

81-1608729 

9-9028835 

-001029866 

972 

944784 

918880048 

81-1769145 

9-9057817 

•001028807 

973 

946729 

921167817 

81-1929479 

9-9091776 

•001027749 

974 

948676 

924010424 

81-2089781 

9-9125712 

•00102C694 

975 

950625 

926869876 

81-2249900 

9-9159624 

•001025641 

976 

952576 

929714176 

81-2409987 

9-9198518 

•001024590 

977 

954529 

982574888 

81-2569992 

9-9227879 

•001023641 

978 

956484 

935441352 

81-2729916 

9-9261222 

•001022495 

979 

958441 

938818789 

81-2889757 

9-9295042 

•001021460 

980 

960400 

941192000 

81-8049617 

9-9328889 

•001020408 

981 

962361 

944076141 

81-3209195 

9-9862618 

•001019168 

982 

964824 

946966168 

81-8368792 

9-9896868 

•001018330 

98^ 

966289 

949862087 

81-8528308 

9-9430092 

•001017294 

984 

968256 

962768904 

31-8687748 

9-9468797 

•001016260 

985 

970225 

955671625 

81-3847097 

9-9497479 

•001015228 

986 

972196 

958585256 

81 -4006869 

9-9631138 

•001014199 

987 

974169 

961604803 

81-4165561 

9-9564775 

•001018171 
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Number. 

8qaar«f. 

Cubet. 

Square  BooU. 

CnbeRooU. 

Reciprocal*. 

988 

976144 

964430272 

81-4324673 

9-9598389 

•001012146 

989 

978121 

967361669 

81-4483704 

9-9631981 

•001011122 

990 

980100 

970299000 

31-4642064 

9-9666649 

•001010101 

991 

982081 

978242271 

81-4801625 

9-9699056 

•001000082 

992 

984064 

976191488 

81-4960316 

9-9732619 

•001008065 

993 

986049 

979146657 

81-5119025 

9-9766120 

■001007049 

994 

988036 

982107784 

81-5277655 

9-9799699 

•001006036 

995 

990025 

985074875 

81-5436206 

9-9833056 

•001005025 

996 

992016 

988047936 

31-5594677 

9-9866488 

•001004016 

997 

994009 

991026978 

81-6753068 

9-9899900 

•001003009 

998 

996004 

994011992 

81-6911380 

9-9938289 

•001002004 

999 

998001 

997002999 

31-6069613 

9-9966656 

•001001001 

1000 

ipooooo 

1000000000 

81-6227766 

100000000 

•001000000 

1001 

lOOOiOl 

1003003001 

81-6385840 

10-0033222 

•0009990010 

1002 

1004004 

1006012008 

31 -6543866 

10-0066622 

-0009980040 

1003 

1006009 

1009027027 

31-6701762 

10-0099899 

•0009970090 

1004 

1008016 

1012048064 

31-6859590 

10-0183165 

•0009960169 

1005 

1010026 

1016075125 

31-7017349 

10-0166389 

•0009950249 

1006 

1010036 

1018108216 

81-7175030 

10-0199601 

•0009940358 

1007 

1014049 

1021147343 

81  •7332638 

10-0232791 

•0009930487 

1008 

1016064 

1024192512 

81-7490167 

10-0266968 

•0009920635 

1009 

1018081 

1027243729 

31-7647608 

10-0299104 

•0009910803 

1010 

1020100 

1030301000 

31-7804972 

10-0332228 

•0009900990 

loyi 

10201^1 

1038364881 

31-7962262 

10-0365330 

•0009891197 

1012 

1024144 

1036438728 

81-8119474 

10-0398410 

•0009881423 

1013 

1026169 

1089509197 

81-8276609 

10-0431469 

•0009871668 

1014 

1028196 

1042690744 

81-8433666 

10-0464606 

•0009861933 

1015 

1030225 

1046678375 

81-8690646 

10-0497521 

•0009852217 

1016 

1032256 

1048772096 

81-8747649 

10-0530514 

•0009842520 

1017 

1034289 

1051871913 

81-8904874 

10-0563485 

•0009832842 

1018 

1036324 

1054977832 

31-9061128 

10-0596436 

•0009823183 

1019 

1038361 

1058089869 

81-9217794 

10-0629364 

•0009813543 

1020 

1040400 

1061208000 

81-9874388 

100662271 

•0009803922 

1021 

1042441 

1064332261 

81-9530906 

'10-0696156 

•0009794319 

1022 

1044484 

1067462648 

81-9687347 

100728020 

•0009784736 

1028 

1046629 

1070699167 

81-9843712 

10-0760868 

•0009775171 

1024 

1048676 

1078741824 

82-0000000 

10-0793684 

•0009765626 

1025 

1050625 

1076890625 

82-0156212 

10-0826484 

-0009756098 

1026 

1052676 

1080046576 

82  0812348 

10-0859262 

•0009746589 

1027 

1054729 

1088206688 

82-0468407 

10-0892019 

•0009737098 

1028 

1056784 

1086378962 

82-0624391 

10-0924766 

•0009727626 

1029 

1058841 

1089647889 

32-0780298 

10-0957469 

•0009718178 

1030 

1060900 

1092727000 

82-0936131 

10-0990168 

•0009708738 

1081 

1062961 

1096912791 

82-1091887 

10-1022835 

•0009699321 

1082 

1065024 

1099104768 

82-1247668 

10-1056487 

•0009689922 

1033 

1067089 

1102302937 

82-1403173 

10-1088117 

•0009680542 

1034 

1069156 

1105607804 

82-1658704 

10-1120726 

•0009671180 

1035 

1071225 

1108717876 

321714169 

10-1168814 

•0009661836 

1036 

1073296 

1111984656 

82-1869689 

10-1185882 

■0009662510 

1037 

1075369 

1115167658 

82-2024844 

10-1218428 

•0009643202 

1038 

1077444 

1118886872 

82-2180074 

10-1250963 

•0009633911 

1039 

1079521 

1121622819 

82-2336229 

101288467 

•0009624639 

1040 

1081600 

1124864000 

82-2490310 

10-1816941 

•0009615386 

1041 

1083681 

1128111921 

82-2645316 

10-1348403 

•0009606148 

1042 

1086764 

1181866088 

82-2800248 

10-1880846 

•0009696929 

1043 

1087849 

1184626507 

32-2956106 

10-1413266 

•0009687738 

1044 

1089936 

1137898184 

82-8109888 

10-1445667 

•0009578544 

1045 

1092025 

1141166126 

82-8264698 

101478047 

•0009569378 

1046 

1094116 

1144445336 

82-3419238 

10-1610406 

•0009660229 

1047 

1096209 

1147780823 

32-8573794 

10-1642744 

•0009561098 

1048 

1098304 

1161022592 

82-8728281 

10-1575062 

•0009541986 

1049 

1100401 

1164820649, 

82-8882696 

10-1607369 

•0009682888 

TABLE  OP  SQUARES,  CUBES,  SQUARE  AND  CUBE  ROOTS.         117 


Number, 

Sqiutrefl. 

Cnbea. 

Square  RooU. 

Cube  Boots. 

Reciprooala. 

1050 

1102500 

1167625000 

82-4037036 

10-1639686 

•0009523810 

1051 

11046(31 

1160935651 

82-4191801 

10-1671898 

•0009514748 

1062 

1106704 

1164252608 

82-4346496 

10-1704129 

•0009505703 

1053 

1108809 

1167576877 

82-4499615 

10-1736844 

-0009496676 

1054 

1110916 

1170905464 

32-4663662 

10-1768589 

•0009487666 

1055 

1113126 

1174241376 

32-4807636 

10-1800714 

•0009478673 

1056 

1116136 

1177683616 

82-4961686 

10-1832868 

•0009469697 

1057 

1117249 

1180932193 

32-51 15364 

10-1865002 

•0009460738 

1058 

1119364 

1184287112 

32-5269119 

10-1897116 

•0009451796 

1059 

1121481 

1187648379 

'82-5422802 

10-1929209 

•0009442871 

1060 

1128600 

1191016000 

82-5676412 

10-1961283 

-0009438962 

1061 

1125721 

1194389981 

82-6729949 

10-1993336 

•0009425071 

1062 

1127844 

1197770328 

82-5883416 

10-2026369 

•0009416196 

1063 

1129969 

1201167047 

82-6035807 

10-2067382 

•0009407338 

1064 

1132096 

1204560144 

82-6190129 

10-2089876 

•0009398496 

1065 

1134225 

1207949626 

82-6843877 

10-2121347 

-0009389671 

1066 

1136866 

1211355496 

82-6496564 

10-2163300 

•0009380863 

1067 

1188489 

1214767763 

82-6649669 

10-2186283 

•0009372071 

1068 

1140624 

1218186432 

82-6802693 

10-2217146 

•0009363296 

1069 

1142761 

1221611509 

82-6955664 

10-2249039 

•0009364537 

1070 

1144900 

1225043000 

32-7108544 

10-2280912 

•0009345794 

1071 

1147041 

1228480911 

82-7261363 

10-2312766 

•0009337068 

1072 

1149184 

1231926248 

82-7414111 

10-2344599 

•0009328358 

1073 

1151329 

1235376017 

32-7566787 

10-2376413 

•0009319664 

1074 

1163476 

1238833224 

82-7719392 

10-2408207 

•0009310987 

1075 

1165626 

1242296875 

82-7871926 

10-2439981 

•0009302326 

1076 

1167776 

1246766976 

32-8024898 

10-2471735 

•0009293680 

1077 

1169929 

1249243533 

32-8176782 

10-2503470 

•0009285051 

1078 

1162084 

1262726552 

82-8329103 

10-2535186 

•0009276438 

1079 

1164241 

1256216039 

32-8481854 

10-2566881 

•00092G7841 

1080 

1166400 

1269712000 

82 -8633535 

10-2598557 

-0009269259 

1081 

1168561 

1263214441 

32-8785644 

10-2680213 

-0009250694 

1082 

1170724 

1266723368 

32-8937684 

10-2661850 

•0009242144 

1083 

1172889 

1270238787 

82-9089653 

10-2693467 

•0009238610 

1084 

1175066 

1273760704 

82-9241653 

10-2726065 

•0009225092 

1085 

1177226 

1277289125 

82-9393382 

10-2756644 

-0009216590 

1086 

1179396 

1280824056 

32-9545141 

10-2788203 

•0009208103 

1087 

1181569 

1284365603 

32-9696830 

10-2819743 

•0009199632 

1068 

1183744 

1287913472 

32-9848450 

10-2851264 

•0009191176 

1089 

1185921 

12914679G9 

330000000 

10-2882765 

•0009182736 

1090 

1188100 

1295029000 

88-0151480 

10-2914247 

•0009174312 

1091 

1190281 

129859G571 

830802891 

10-2946709 

•0009165903 

1092 

1192464 

1802170688 

83-0464283 

19-2977153 

•0009167609 

1093 

1194649 

1306751357 

880605605 

10-8008677 

-0009149131 

1094 

1196836 

1309338584 

83-0766708 

10-8089982 

•0009140768 

1095 

1199026 

1312932375 

33  0907842 

10-8071368 

-0009132420 

1096 

1201216 

1316532736 

83-1068907 

10-8102736 

•0009124008 

1097 

1208409 

1820189673 

38-1209903 

10-3184083 

•0009116770 

1098 

1205604 

1323753192 

33-1360830 

10-3165411 

•0009107468 

1099 

1207801 

1327373299 

33-1511689 

10-8196721 

•0009099181 

1100 

1210000 

1331000000 

33-1662479 

10-3228012 

•0009090909 

1101 

1212201 

1334633301 

83-1818200 

10-3269284 

•0009082G52 

1102 

1214404 

1338273208 

33-1963853 

10-3290637 

-0009074410 

1103 

1216609 

1341919727 

83-2114438 

10-3321770 

-0009066183 

1104 

1218816 

1346572864 

33-2266955 

10-3352985 

•0009057971 

1105 

1221026 

1349232626 

38-2416403 

10-3384181 

•0009049774 

1106 

1223236 

1352899016 

33-2565783 

10-3416358 

•0009041591 

1107 

1225449 

1356672043 

33-2716095 

10-3446517 

•0009033424 

1108 

1227664 

1360251712 

83-2866339 

10-8477657 

•0009025271 

1109 

1229881 

1863938029 

83-8016516 

10-3508778 

-0009017133 

1110 

1232100 

1367631000 

83-8166625 

10-3o39880 

•0009009009 

1111 

1234821 

1371830631 

33-3816666 

10-3570964 

•0009000900 
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Number. 

Sqwurof. 

Cuboi. 

Square  RooU. 

Cube  RooU. 

Reeipiocaii. 

1112 

1236544 

1375080928 

83-3466640 

10-3602029 

•0008992806 

1113 

1238769 

1878749897 

83-3616546 

10'3638076 

•0008984726  ! 

1114 

1240996 

1382469644 

33 -3766385 

10-3664103 

•0008976661  . 

1115 

1243226 

1386195876 

83-3916167 

10-3605118 

•0008968610 

1116 

1245466 

1389928896 

83-4065862 

10-8726103 

•0008960753 

1117 

1247689 

1393668618 

33-4215499 

10-3757076 

•0008952651 

1118 

1249924 

1397415032 

83-4365070 

10-3788030 

•0008944544 

1119 

1262161 

1401168159 

83-4514573 

10-3818065 

•0008936550 

1120 

1254400 

1404928000 

88-4664011 

10-3849882 

•0008928571  ■ 

1121 

1266641 

1408694661 

88-4813381 

10-3880781 

•0008960607 

1122 

1258884 

1412467848 

83-4962684 

10-3911661 

•0008912656 

1123 

1261129 

1416247867 

88-6111921 

10-3942627 

•0008904720 

1124 

1268376 

1420034624 

38-6261092 

10-3973366 

•0008896797  1 

1126 

1266625 

1423828125 

88-6410196 

10-4004192 

•0008888889  1 

1126 

1267876 

1427628876 

83-6659234 

10-4034999 

•0008880995  i 

1127 

1270129 

1431485383 

83-6708206 

10-4065787 

•0008873114 

1128 

1272384 

1435249162 

88-6867112 

10-4096567 

•0008865248 

1129 

1274641 

1439069689 

83-6005952 

10-4127310 

•0008867396 

1130 

1276900 

1442897000 

38-6164726 

10-4158044 

•0008849558 

1131 

1279161 

1446731091 

88-6303434 

10-4188760 

•0008841733 

1132 

1281424 

1460671968 

83-6452077 

10-4219458 

•0008833922 

1133 

1283689 

1454419637 

83-6600663 

10-4250138 

•0008826125 

1134 

1286956 

1458274104 

83-6749165 

10-4280800 

•0008818342 

1135 

1288225 

1462135376 

33-6897610 

10-4311443 

•0008810573 

1136 

1290496 

1466003456 

33-7045991 

10-4342069 

•0008802817 

1137 

1292769 

1469878353 

33-7174306 

10-4872677 

•0008795075  . 

1138 

1296044 

1473760072 

33-7340566 

10-4408677 

•0008787346 

1139 

1297321 

1477648619 

83-7490741 

10-4433839 

•0008779631 

1140 

1299600 

1481544000 

83-7638860 

10-4464393 

•0008771930 

1141 

1301881 

1485446221 

83-7786916 

10-4494029 

-0008764242 

1142 

1304164 

1489355288 

83-7934906 

10-4525448 

•0008766567 

1143 

1306449 

1493271207 

33-8082830 

JO-4555948 

•0008748906  ) 

1144 

1308736 

1497193984 

33-8230691 

10-4586431 

•0008741259 

1145 

1811025 

1601123625 

33-8378486 

10-4616806 

•0008733624 

1146 

1313316 

1505060136 

33-8626218 

10-4647343 

•0008726003 

1147 

1316609 

1509003523 

33-8673884 

10-4677773 

•0008718396 

1148 

1317904 

1512953792 

33-8821487 

10-4708158 

•0008710801 

1149 

1320201 

1516010949 

33-8069025 

10-4738579 

•0008703220 

UoO 

1322600 

1520875000 

83-9116499 

10-4708055 

•0008695652 

1151 

1324801 

1524845951 

83-9263909 

10-4700314 

•0008688097 

1152 

1827104 

1528823808 

33-9411256 

10-4829656 

•0008680556 

1153 

1329409 

1632808577 

33  ■9568537 

10-4850080 

•0008673027 

1154 

1831716 

1536800264 

33-9706756 

10-4890286 

•0008666511 

1155 

1334025 

1540798876 

83-9852910 

10-4920576 

•0008658009 

1156 

1886336 

1544804416 

340000000 

10-4950847 

•0008650519 

1157 

1338649 

1548816803 

84  0147027 

10-4981101 

•0008643042 

1158 

1340964 

1652836312 

84  0293990 

10-5011337 

•0008635579 

1159 

1343281 

1556862679 

84-0440890 

10-5041656 

•0008628128 

1160 

1346600 

1660896000 

84-0587727 

10-6071757 

•0008620690 

1161 

1347921 

1664936281 

34-0784601 

10-6101942 

•0008613244 

1162 

1350244 

1568083528 

34-0881211 

10-6132109 

•0008605852 

1163 

1352569 

1673037749 

34-0127858 

10-5162259 

•0008598452 

1164 

1364896 

1577008944 

34-1174442 

10-5102301 

•0008591065 

1165 

1357225 

1581167125 

34-1320063 

10-5222506 

•0008583691 

1166 

1359556 

1585242296 

84-1467422 

10-5252004 

•0008576329  j 

1167 

1361889 

1580324463 

34-1613817 

10-6282085 

•00085689S0 

1163 

1364224 

1503413632 

84-1760150 

10-6312749 

•0008561644  1 

1169 

1366561 

1507500809 

34-1006420 

10-6342795 

•0008554320  , 

1170 

1368900 

1601613000 

34-2052027 

10-5372825 

•0008547009  , 

1171 

1371241 

1605723211 

34-2108773 

10-5402837 

•0008539710 

1172 

1373584 

1600840418 

34-2344855 

10-5432832 

•0008532423 

1173 

1875929 

1613964717 

34-2400876 

10-6462810 

•0008525149 
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Nomber. 

Squares. 

Cubes. 

Square  Roots. 

Cube  Roots. 

Reciprocals. 

1174 

1878276 

1618096024 

34-2636834 

10-5492771 

•0008517888 

1175 

1380625 

1622234375 

84-27827^0 

10-5522715 

-0008510638 

1176 

1382976 

1626379776 

34-2928564 

10-5562642 

•0008503401 

1177 

1385329 

1630532233 

34-3074836 

10-6582562 

-0008496177 

1178 

1387684 

1634691752 

34-3220046 

10-5612446 

•0008488904 

1179 

1390041 

1638858339 

34-3365694 

10-5642322 

•0008481764 

1180 

1392400 

1643032000 

84-3511281 

10-5672181 

-0008471576 

1181 

1394761 

1647212741 

84-3656805 

10-5702024 

•0008467401 

1182 

1397124 

1651400568 

34-3802268 

10-5731849 

•0008460237 

.1183 

1399489 

1655595487 

84-3947670 

10-5761658 

•0008463085 

1184 

1401856 

1659797504 

84-4093011 

10-5791449 

■0008445946 

1185 

1404226 

1664006625 

34-4238289 

10-6821225 

•0008438819 

1186 

1406596 

1668222856 

34-4383507 

10-5860983 

•0008431703 

1187 

1408969 

1672446203 

34-4528663 

10-6880725 

•0008424600 

1188 

1411344 

1676676G72 

34-4673759 

10-5910450 

•0008417508 

1189 

1413721 

1680914629 

34-4818793 

10-6940158 

•0008410429 

1190 

1416100 

1685159000 

34-4963766 

10-6969850 

•0008403361 

1191 

1418481 

1689410871 

84-5108678 

10-5999525 

•0008896306 

1192 

1420864 

1693669888 

34-5253530 

10-6029184 

-0008389202 

1193 

1423249 

1697936057 

34-5398321 

10-6058826 

•0008382320 

1194 

1425636 

1702209384 

34-5543051 

10-6088451 

•0008375209 

1195 

1428025 

1706489875 

34-6687720 

10-6118060 

•0008308201 

1196 

1430416 

1710777536 

34-6832329 

10-6147052 

•0008361204 

1197 

1432809 

171507237^ 

34-5976879 

10-6177228 

•0008354219 

1198 

1435204 

1719374392 

34-6121366 

10-6206788 

•0008347246 

1199 

1437601 

1723683599 

34-6265794 

10-6236331 

-0008340284 

1200 

1440000 

1728000000 

84-6410162 

10-6265857 

•0008333333 

1201 

1442401 

1732323601 

34-6554469 

10-6295367 

•0008326395 

1202 

1444804 

1736654408 

84-6698716 

10-6324860 

•0008319468 

1203 

1447209 

1740992427 

84-6842904 

10-6354338 

•0008312552 

1204 

1449616 

1745337664 

84-6987031 

10-6383799 

•0008305048 

1205 

1452025 

1740690125 

34-7131099 

10-6413244 

•0008298755 

1206 

1454436 

1754049816 

34-7275107 

10-6442672 

•0008291874 

1207 

1456849 

1758416743 

84-7419055 

10-6472085 

•0008285004 

1208 

1459264 

1762790912 

34-7562944 

10-6501480 

•0008278146 

1209 

1461681 

17671723^ 

84-7706773 

10-6530860 

•0008271299 

1210 

1464100 

1771561000 

84-7850543 

10-6560223 

•0008264403 

1211 

1466521 

1775956931 

34-7994253 

10-6589570 

•0008257638 

1212 

1468944 

1780360128 

84-8187904 

10-6618902 

•0008250825 

1213 

1471369 

1784770597 

34-8281495 

10-6648217 

•0008244023 

1214 

1473796 

1789188344 

34-8425028 

10-6677516 

-0008237232 

1215 

1476225 

1793613375 

84-8568501 

10-6706799 

-0008230453 

1216 

1478656 

1798045696 

84-8711915 

10-6736066 

•0008223684 

1217 

1481089 

1802485313 

84-8855271 

10-6765317 

•0008216927 

1218 

1483524 

1806932232 

34-8998567 

10-6794552 

•0008210181 

1219 

1485961 

1811386459 

84-9141805 

10-6823771 

•0008203445 

1220 

1488400 

1815848000 

34-9284984 

10-6862973 

•0008196721 

1221 

1490841 

1820316861 

84-9428104 

10-6882160 

•0008190008 

1222 

1493284 

1824793048 

84-9571166 

10-6911331 

•0008183306 

1223 

1495729 

1829276567 

34-9714169 

10-6940486 

•0008176615 

1224 

1498176 

1833764247 

84-9857114 

10-6969625 

•0008169935 

1225 

1500626 

1838265625 

35-0000000 

10-6998748 

•0008163265 

1226 

1503276 

1842771176 

35-0142828 

10-7027855 

•0008156607 

1227 

1605529 

1847284083 

35-0285598 

10-7056947 

•0008149959 

12i28 

1507984 

1851804352 

36  0428309 

10-7086023 

•0008143322 

1229 

1510441 

1856331989 

35-0570963 

10-7115083 

-0008136696 

1230 

1512900 

1860867000 

35-0713558 

10-7144127 

•0008130081 

1231 

1515361 

1865409391 

85-0856096 

10-7173156 

•0008123477 

1232 

1517824 

1869959168 

35  •0998575 

10-7202168 

•0008116883 

1233 

1520289 

1874516337 

35-1140997 

10-7231165 

•0008110300 

1234 

1522756 

1879080904 

85-1283361 

10-7260146 

•0008103728 

1235 

1525225 

1883652875 

85-1425568 

10-7289112 

-0008097166 
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Number. 

^  Squares. 

Cabes. 

Square  Roou. 

Cube  RooU. 

Beciprocjtls. 

1236 

1527696 

1888232256 

85-1567917 

10-7318062 

•0008090615 

1237 

1530169 

1892819053 

85-1710108 

10-7346997 

■0008084074 

1238 

1532644 

1897413272 

85-1852242 

10-7375916 

•0008077544 

1239 

1635121 

1902014919 

35-1994318 

10-7404819 

•0008071025 

1240 

1537600 

1906624000 

36-2186837 

10-7433707 

•0008064516 

1241 

1540081 

1911240521 

85-2278299 

10-7462579 

•0008058018 

1242 

1642564 

1916864488 

86-2420204 

10-7491436 

•0008051530 

1243 

1545049 

1920495907 

36-2562051 

10-7620277 

•0008045052 

1244 

1647536 

1925134784 

36-2703842 

10-7549103 

•0008038585 

1245 

1550025. 

1929781125 

.  85-2846576 

10-7677918 

•0008032129 

1246 

1652521 

1934434936 

.  85-2987252 

10-7606708 

•0008025682 

1247 

1555009 

1939096223 

.  35-3128872 

10-7635488 

•0008019246 

1248 

1667504 

1943764992 

85-8270435 

10-7604252 

•0008012821 

1249 

1660001 

1948441249 

'  85-3411941 

10-7693001 

•0008006405 

1250 

1662500 

1953125000 

35-3553391 

10-7721735 

•0008000000 

1251 

1665001 

1957810251 

85-3094784 

10-7750453 

•0007993605 

1252 

1667504 

1902515008 

35-3830120 

10-7779156 

•0007987220 

1253 

1570009 

1907221277 

35-3977400 

10-7807843 

•0007980846 

1254 

15.72516 

. 1971935064 

35-4118024 

10-7830516 

•0007974482 

1255 

1575025 

1976656875 

.  35-4259792 

10-7805173 

•0007908127 

1256 

1677536 

1981385216 

35-4400903 

10-7893815 

-0007961783 

1257 

1680049 

1986121593 

35-4541958 

10-7922441 

•0007955449 

1258 

■  1'582564 

1990865512 

35-4082957 

10-7951053 

•0007949120 

1259 

1585081 

1995010979 

35-4823900 

10-7979649 

•0007942812 

1260 

1687600 

2000370000 

85-4904787 

10-8008230 

•0007936508 

1261 

1690121 

2005H2581 

85-5105618 

10-8036797 

•0007930214 

1262 

1592644 

2009916728 

35-6240393 

10-8065348 

•0007923930 

1263 

1695166 

2014098447 

35-6387113 

10-8093884 

•0007917656 

1264 

1597696 

2019487744 

30-5527777 

10-8122404 

•0007911392 

1205 

1600225 

2024284025 

35-5008385 

10-8150909 

•0007905138 

1266 

1'602756 

2029089096 

35-5808937 

10-8179400 

•0007898894 

1207 

1605289 

2033901163 

35-5949434 

10-8207876 

•0007892000 

1208 

1607824 

2038720832 

35-0089876 

10-8236336 

•0007886435 

1209 

1610361 

2043548109 

35-0230202 

10-8204782 

•0007880221 

1270 

1612900 

2048383000 

35-0370593 

10-8293213 

•0007874016 

1271 

1615441 

2053225511 

35-0510869 

10-8321629 

•0007807821 

1272 

1617984 

2058075048 

35  •6051090 

10-8350030 

•0007861035 

1273 

1620529 

2002933417 

35-6791255 

10-8378416 

•0007855460 

1274 

1623076 

2007798824 

35-09313G6 

10-8406788 

•0007849294 

1275 

1625625 

2072071875 

35-7071421 

10-8435144 

-0007843137 

1276 

1628176 

2077552576 

35-7211422 

10-8463485 

•0007836991 

1277 

1630729 

2082440933 

35-7351367 

10-8491812 

•0007830854 

1278 

1633284 

2087330952 

85-7491258 

10-8520125 

•0007824726 

1279 

1635841 

2092240039 

35-7031095 

10-8548422 

•0007818008 

1280 

1638400 

2097152000 

35-7770876 

10-8576704 

•0007812500 

1281 

1640961 

2102071841 

35-7910603 

10-8004972 

•0007806401 

1282 

1643524 

2100997708 

35-8050276 

10-8033225 

•0007800312 

1283 

1646089 

2111932187 

35 -81 89894 

10-8001454 

•0007794232 

1284 

1648656 

2110874304 

85-8329457 

10-8089087 

.•0007788102 

1285 

1651225 

2121824125 

35-8408906 

10-8717897  . 

.•0007782101 

1286 

1653796 

2120781056 

35-8608421 

10-8746091 

•0007770050 

1287 

1656369 

2131746903 

85-8747822 

10-8774271 

•0007770008 

1288. 

1658944 

2136719872 

85-8887169 

10-8802436 

•0007703975 

1289 

1061521 

2141700509 

85-9020461 

10-8830587 

•0007757952 

1290 

1664100 

2140689000 

35-9165699 

10-8858723 

•0007751938 

1291 

1666681 

2161085171 

85-9304884 

10-8880846 

•0007745933 

1292 

1669264 

2150089088 

35-9444015 

10-8914952 

•0007739938 

1293 

1671849 

2101700757 

85-9583092 

10-8943044 

•0007733952 

1294 

1674436 

2166720184 

35-9722115 

10-8971123 

•0007727975 

1295 

1677025 

2171747375 

85-9801084 

10-8999180 

•0007722008 

1290 

1679616 

217C782336 

36-0000000 

10-9027235 

•00077.10049 

1297 

i 

1082209 

2181825073 

30-0138802 

10-9055209 

•0007710100 
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Nnaber. 

Sqnves. 

Catea. 

Sqiure  Roots. 

CaboRoot«. 

Reciprocals. 

1298 

1684804 

2186876592 

36-0277671 

10-9083290 

•0007704160 

1299 

1687401 

2191933899 

36-0416426 

10-9111296 

•0007698229 

1300 

1690000 

2197000000 

86-0665128 

10-9139287 

■0007692308 

1301 

1692601 

2202078901 

36-0693776 

10-9167265 

-0007686395 

1302 

1695204 

2207166608 

86-0832371 

10-9195228 

•0007680492 

1303 

1697809 

2212246127 

360970913 

10-9223177 

-0007674579 

1804 

1700416 

2217342464 

861109402 

10-9251111 

•0007668712 

1806 

1703026 

2222447626 

36-1247837 

10-9279031 

•0007662835 

1306 

1705686 

2227660616 

36-1386220 

10-9306937 

-0007656968 

1307 

1708249 

2232681443 

36-1624660 

10-9334829 

•0007651109 

1808 

1710864 

2237810112 

86-1662826 

10-9362706 

•0007645260 

1309 

1713481 

2242946629 

86-1801060 

10-9390569 

•0007639419 

1810 

1716100 

2248091000 

86-1939221 

10-9418418 

•0007633588 

1311 

1718721 

2253243231 

36-2077340 

10-9446253 

•0007627766 

1312 

1721844 

2268403328 

86-2216406 

10-9475074 

•0007621951 

1313 

1728969 

2263671297 

36-2363419 

10-9601880 

•0007616446 

1314 

1726596 

2268747144 

36-2491379 

10-9529673 

•0007610350 

1315 

1729225 

2273930876 

30-2626287 

10-9557451 

-0007604563 

1316 

1731856 

2279122496 

36-2767143 

10-9585215 

•0007598784 

1317 

1784489 

2284322013 

36-2904246 

10-9612966 

•0007693014 

1318 

1737124 

2289529432 

36-3042697 

10-9640701 

-0007587253 

1319 

1739701 

2294744769 

86-3180396 

10-9668428 

•0007681501 

1320 

1742400 

2299968000 

36-3318042 

10-9696131 

•0007675758 

1321 

1746041 

2305199161 

36-8455687 

10-9723826 

•0007570023 

1322 

1747684 

2310488248 

36-3593179 

10-9751506 

•0007564297 

1323 

1760329 

2316685207 

36-3730670 

10-9779171 

•0007558579 

1324 

1762976 

2320940224 

36-8868108 

10-9806823 

•0007552870 

1325 

1765626 

2326203126 

36-4005494 

10-9834462 

•0007547170 

1326 

1768276 

2331473976 

36-4142829 

10-9862086 

•0007641478 

1327 

1760929 

2336762783 

86-4280112 

10-9889696 

•0007535795 

1328 

1763684 

2342039552 

86-4417348 

10-9917293 

•0007530120 

1329 

1766241 

2347334289 

86-4554523 

10-9944876 

•0007524454 

1330 

1768900 

2362637000 

36-4691660 

10-9972446 

•0007518797 

1331 

1771661 

2357947691 

86-4828727 

11-0000000 

-0007513148 

1832 

1774224 

2363266368 

36-4965762 

11-0027541 

•0007507508 

1333 

1776889 

2368593087 

36-6102726 

11  ■0055069 

•0007501875 

1334 

1779566 

2378927704 

86-5239647 

11-0082688 

•0007496252 

j  1335 

1782226 

2379270375 

86-5376618 

11-0110082 

-0007490637 

1336 

1784896 

2384621066 

36-6513888 

11-0137569 

•0007485030 

1387 

1787669 

2389979763 

36-6650106 

.  11-0165041 

-0007470432 

1338 

1790244 

2896346472 

36-5786828 

110192500 

-0007473842 

1339 

1792921 

2400721219 

36-6928489 

11-0219945 

•0007468260 

1340 

1796600 

2406104000 

86-6060104 

11-0247377 

-0007462087 

1341 

1798281 

2411494821 

86-6196668 

11-0274795 

-0007457122 

1342 

1800964 

2416898688 

86-6333181 

11-0302199 

-0007451666 

1843 

1808649 

2422300607 

86-6469144 

11-0329590 

•0007446016 

1844 

1806336 

2427716684 

86-6606066 

11-0356967 

•0007440476 

1345 

1809026 

2438138625 

86-6742416 

11-0384330 

•0007434944 

1346 

1811716 

2438669736 

86-6878726 

11-0411680 

-0007429421 

1347 

1814409 

2444008923 

86-7014986 

11-0439017 

-0007423905 

1348 

1817104 

2449466192 

86-7161195 

11-0466339 

•0007418398 

1349 

1819801 

2464911549 

86-7287353 

11-0493649 

•0007412898 

1350 

1822600 

2460875000 

86-7423461 

11-0520946 

•0007407407 

1351 

1826201 

2466846551 

36-7659519 

11-0648227 

•0007401924 

1352 

1827904 

2471826208 

86-7695626 

11-0576497 

•0007396460 

1853 

1830609 

2476818977 

86-7831483 

11-0602762 

•0007390983 

1354 

1838816 

2482809864 

86-7967390 

11-0629994 

•0007385624 

1355 

1836026 

2487813876 

86-8103246 

11-0657222 

•0007380074 

1356 

1838736 

2493826016 

86-8239063 

11-0684437 

•0007374681 

1357 

1841449 

2498846293 

86-8874809- 

110711689 

•0007369197 

1358 

1844164 

2604374712 

36-8610516 

11-0788828 

•0007363770 

1359 

.  1846881 

2609011279 

86-8646172 

11-0766003 

•0007358852 
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Number. 

8<]uaref. 

Cubes. 

8<inaro  lloota. 

(.11  .o  n.M.tK. 

Rv«LMf.r..f«!.. 

13G0 

1849000 

25 J  5450000 

30-8781778 

11-07!KJ105 

•0007::52'.ai  • 

laai 

1802321 

2521008881 

36-H917335 

ll-0.S2i)314 

-0<K)73475:J9  ; 

13G2 

1855044 

2520509928 

80-9052842 

11 -0847449 

•0007342144 

13G3 

1857769 

2532139147 

86-9188299 

11-0874571 

•0007330757 

13t54 

1800496 

2587710544 

86-9323706 

11-0901679 

•0007331378  1 

13G5 

1803225 

2543302125 

36-9459004 

11-0928776 

•00073200U7 ' 

1306 

1805956 

2548895896 

.36-9594372 

11-0955857 

•0<X)7320044 

1307 

1808089 

2554497803 

36-9729681 

11-0982926 

•000731 5289. 

1308 

1871424 

2560108032 

86-9864840 

11-1009982 

•0007309942 

1309 

1874161 

2565726409 

87-0000000 

11-1037025 

•0007304002 

1370 

1876900 

2571853000 

87-0135110 

11-1064054 

•0007299270 

1871 

1879641 

2576987811 

87-0270172 

11-1091070 

•0007293940 

1372 

1882384 

2582630848 

37-0406184 

11-1118073 

•0007288030 

1373 

1885129 

2588282117 

87-0540146 

11-1145064 

-0007283321 

1374 

1887876 

2593941624 

87-0676060 

11-1172041 

-0007278020 

1376 

1890026 

2599609375 

87-0899924 

11-1199004 

•0007272727 

1376 

1893376 

2605285376 

87-0944740 

11-1225955 

•0007267442 

1377 

1896129 

2610969633 

87-1079506 

11-1252893 

•0007202104  1 

1378 

1898884 

2616602152 

371214224 

11-1279817 

•0007250.'^94  ' 

1379 

1901641 

2622302939 

87-1348893 

11-1300729 

•0007251032. 

1880 

1904400 

2628072000 

87-1483512 

11-1333028 

•0007240377  ' 

1381 

1907161 

2633789341 

87-1618084 

11-1300514 

-0007241130 

1382 

1909924 

2639514908 

87-1752006 

11-1387;}86 

•0007235890 , 

1383 

1912089 

2045248887 

87-1887079 

11-1414240 

-0007230058 

1384 

1915456 

2650991104 

87-20215(15 

11-1441093 

•0007225434 

1385 

1918225 

2650741025 

87-2155881 

11-1407920 

•0007220217 

1886 

1920996 

2662500450 

87-2290209 

11-1494747 

•0007215007 

1387 

1923709 

2668267003 

87-2424489 

11-1521556 

•0007209805  I 

1388 

1920544 

2674043072 

87-2558720 

11-1548:^50 

•0007201011 

1389 

1929321 

2679820809 

87-2092903 

11-1575183 

•0007199424 

1390 

1932100 

2085619000 

87-2827037 

11-1001903 

•0007194245 

1391 

1934881 

2691419471 

87-2901124 

11-1028059 

•0007 189073 

1392 

1937004 

2697228288 

87-3095162 

11-10554^8 

•0007183908 

1393 

1940449 

2703045457 

87-3229152 

11-1082134 

•0007178751 

1394 

1943236 

2708870984 

87-3803094 

11-1708852 

•0007173001  ' 

1395 

1940026 

2714704875 

87-3490988 

11-1735558 

-0007168459  , 

1396 

1948816 

2720547186 

37-3030834 

11-1702250 

•0007103324 

1397 

1951609 

2720397773 

87-3764632 

11-1788930 

•0007158190 

1398 

1954404 

2732256792 

87-3898882 

1M815598 

•0007153076 

1399 

1957201 

2738124199 

87-4032084 

1M842252 

•0007147903 

1400 

1900000 

2744000000 

87-4165738 

1M808894 

•0007142857 

1401 

1902801 

2749884201 

87-4299346 

11-1895523 

•0007187759 

1402 

1905604 

2756770808 

87-4432904 

11-1922189 

•0007132668 

1403 

1968409 

2761677827 

87-4506416 

11-1948743 

.  -0007127684 

1404 

1971216 

2767687264 

87-4699880 

11 •1976384 

•0007122507 

1405 

1974025 

2778606123 

37-4833296 

11-2001918 

•0007117438 

1406 

1976836 

2779431416 

87-4966666 

11-2028479 

•0007112376 

1407 

1979649 

2786866148 

37-6099987 

11-2055082 

•0007107821 

1408 

1982464 

2791809312 

37-6233261 

11-2081678 

•0007102278 

1409 

1985281 

2797260929 

87-6366487 

11-2108101 

•0007097282 

1410 

1988100 

2803221000 

37-6499667 

11-2134017 

•0007092199 

1411 

1990921 

2809189531 

87-6682799 

11-2161120 

•0007087172 

1412 

1993744 

2816160528 

•87-5765885 

11-2187611 

•0007082163 

1418 

1996569 

2821161997 

87-6898922 

11-2214089 

•0007077141 

1414 

1999396 

2827145944 

87-6081913 

11-2240054 

•0007072186 

1416 

2002225 

2838148375 

87-6164857 

11-2267007 

•0007067188 

1416 

2005056 

2839169296 

87-6297754 

11-2293448 

•0007062147 

1417 

2007889 

2845178713 

87-6430604 

11-2819876 

•0007067163 

1418 

2010724 

2851206682 

87-6563407 

11-2346292 

•0007052186  , 

1419 

2013561 

2857243059 

37-6696164 

11-2872696 

•0007047216 

1420 

2016400 

2808288000 

87-0828874 

11-2399087 

•0007042254  ' 

1421 

2019241 

2809341461 

87'6961686 

11-2425465 

•0007037298  ' 

1 
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Xiiii.bcr. 

Squares. 

Cubes. 

Square  Roots. 

Cube  Roots. 

Rooiproealf. 

1422 

2022084 

2875403448 

37-7094163 

11-2451831 

-0007032349 

1423 

2024929 

2881473967 

37-7226722 

11-2478185 

•0007027407 

1424 

ii027776 

2887563024 

37-7359245 

11-2504627 

•0007022472 

1425 

2030625 

2893640625 

37-7491722 

11-2630856 

•0007017544 

1426 

2033476 

2899736776 

37-7624152 

11-2557178 

•0007012623 

1427 

2036329 

2905841483 

87-7766535 

11-2683478 

•0007007708 

1428 

2039184 

2911964762 

37-7888873 

11-2609770 

•0007002801 

1429 

2042041 

2918076689 

87-8021168 

11-2636050 

•0006997901 

1430 

2044900 

2924207000 

37-8153408 

11-2662318 

-0006993007 

1431 

2047761 

2980346991 

37-8286606 

11-2688678 

-0006988120 

1432 

2050624 

2986493668 

87-8417759 

11-2714816 

•0006983240 

1433 

2053489 

2942649787 

87-8549864 

11-2741047 

•0006978367 

1434 

2056356 

2948814604 

87-8681924 

11-2767266 

•0006973501 

1435 

2059226 

2964987875 

87-8813938 

11-2793472 

-0006968641 

1436 

2062096 

2961169856 

37-8945906 

11-2819666 

•0006963788 

1437 

2064969 

2967360453 

87-9077828 

11-2845849 

•0006958942 

14^8 

2067844 

2973669672 

87-9209704 

11-2872019 

-0006954103 

1439 

2070721 

2979767619 

37«e341538 

11-2898177 

•0006949270 

1440 

2073600 

2985984000 

87-9473319 

11-2924323 

-0006944444 

1441 

2076481 

2992209121 

37-9606068 

11-2950467 

-0006939625 

1442 

2079364 

8098442888 

87-9786751 

11-2976679 

•0006934813 

1443 

2082249 

3004686807 

87-9868398 

11-3002688 

•0006930007 

1444 

2085136 

8010936384 

38-0000000 

11-3028786 

•0006925208 

1445 

2088026 

3017196126 

88-0131566 

11-3054871 

•0006920415 

1446 

2080916 

3023464536 

88-0263067 

11-3080945 

•0006916629 

1447 

2093809 

8029741623 

38-0394632 

11-3107006 

-0006910860 

1448 

2096704 

8036027392 

88-0625952 

11-3133056 

•0006906078 

1449 

2099601 

3042321849 

880657326 

11-3169094 

-0006901312 

1450 

2102500 

8048625000 

88-0788655 

11-8185119 

•0006896652 

1451 

2105401 

8054936851 

88-0919939 

11-3211132 

•0006891799 

1452 

2108304 

3061257408 

88-1051178 

11-3237134 

■0006887052 

1453 

2111209 

3067586777 

38-1182371 

11-3263124 

•0006882812 

1454 

2114116 

8073924664 

38-1813519 

11-3289102 

•0006877679 

1455 

2117025 

3080271375 

381444622 

11-8315067 

•0006872852 

1456 

2119936 

8086626816 

381575681 

11-3341022 

-0006868182 

1457 

2122849 

3092990993 

88-1706698 

11-3366964 

•0006863412 

1458 

2125764 

8099363912 

38-1837662 

11-8392894 

•0006858711 

1459 

2128681 

3106746579 

88-1968685 

11-3418813 

•0006864010 

14G0 

2131600 

8112136000 

38-2099463 

11-3444719 

•0006849315 

1461 

2134521 

8118636181 

38-2230297 

11-8470614 

•0006844627 

1462 

2137444 

3124943128 

38-2361085 

11-3496497 

•0006889945 

1463 

2140369 

3131369847 

38-2491829 

11-3522868 

-0006836270 

1464 

2143296 

8137785344 

88-2622529 

11-3548227 

•0006830601 

1465 

2146225 

8144219625 

88-2768184 

11  ■3574075 

•0006825939 

1466 

2149156 

3150662696 

38-2883794 

11-8599911 

•0006821282 

1467 

2152089 

3167114568 

38-8014360 

11-3625736 

-0006816633 

1468 

2155024 

8163576232 

88-3144881 

11-8661547 

•0006811989 

1469 

2157961 

8170044709 

38-3275368 

11-8677347 

•0006807362 

1470 

2160900 

3176623000 

38-3405790 

11-3703186 

•0006802721 

1471 

2163841 

3183010111 

38-3636178 

11-8728914 

•0006798097 

1472 

i  2166784 

8189606048 

88-3666522 

11-8754679 

•0006793478 

1473 

2169729 

3196010817 

88-3796821 

11-8780433 

•0006788866 

1474 

2172676 

3202624424 

88-3927076 

11-3806175 

•0006784261 

1475 

2176625 

8209046875 

38-4057287 

11-3831906 

•0006779661 

1476 

2178676 

8216678176 

38-4187454 

11-3867625 

•0006775068 

1477 

2181529 

8222118338 

38-4317677 

11-3883332 

•0006770481 

1478 

2184484 

3228667362 

38-4447656 

11-3909028 

•0006765900 

1479 

2187441 

3236225239 

38-4677691 

11-3934712 

•0006761325 

1  1480 

2190400 

8241792000 

88-4707681 

11-3960384 

•0006756757 

1  1481 

2193361 

8248367641 

38-4837627 

11-'B980045 

•0006752194 

,  1482 

2190324 

8264952168 

38-4907580 

11-4011095 

•0006747638 

1  145.J 

2199289 

3261645587 

38-i)097390 

11-4037332 

•0006743088 
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Namber. 

Squares. 

CuWb. 

!i»qn&re  Ruuu. 

38-5227206 

CulieBoou. 

Reciprocals. 

1484 

2202250 

3268147904 

11-4062959 

•0006738544  i 

1485 

2205226 

8274769125 

38-5356977 

11-4088574 

•OOOG734lK)7  ' 

1480 

2208196 

8281379256 

38-5486705 

11-4114177 

•0006729474  i 

1487 

2211169 

3288008303 

88-5616389 

11-4139769 

-0006724950  ' 

1488 

2214144 

8294646272 

88-5746030 

11-4166349 

•0006720430  i 

1489 

2217121 

8301293169 

88-5875627 

11-4190918 

•0006715917 

1490 

2220100 

3307949000 

38-6005181 

11-4206476 

•0006711409 

1491 

2223081 

3814613771 

38-6134691 

11-4242022 

•0006706908 

1492 

2226004 

8321287488 

88-6264168 

11-4267556 

•0006702413 

1493 

2229049 

8227970157 

88-6393582 

11-4293079 

-0006697924 

1494 

2232636 

8334661784 

38-6522962 

11-4818591 

-0006693440 

1495 

2235025 

3341862875 

38-6652299 

11-4844092 

•0006688963 

1496 

2238016 

8348071936 

88-6781693 

11-4369681 

•0006684492 

1497 

2241009 

8364790473 

38-6910843 

11-4895069 

•0006680027 

1498 

2244004 

8361617992 

38-7040050 

11-4420525 

•0006675567 

1499 

2247001 

8368254499 

88-7169214 

11-4445980 

•0006671114 

1500 

2260000 

3375000000 

38-7298336 

11-4471424 

•0006666667 

1501 

2253001 

8381754501 

88-7427412 

11-4496857 

•0006662225 

1502 

2256004 

3388518008 

88-7556447 

11-4622278 

•0006657790 

1503 

2259009 

3395290527 

88-7685489 

11-4547688 

•0006553360 

1504 

2262016 

8402072064 

88-7814389 

11-4573087 

•0006648936 

1505 

2265025 

8408862625 

38-7943294 

11-4598476 

•0006644518 

1506 

2268036 

3415662216 

88-8072158 

11-4623850 

•0006640106 

1507 

2271049 

8422470843 

88-8200978 

11-4649215 

•0006635700 

1508 

2274064 

8429288512 

38-8329757 

11-4674568 

•0OO6631300 

1609 

2277081 

8436115229 

38-8458491 

11-4699911 

•0006626905 

1510 

2280100 

8442951000 

88-8587184 

11-4725242 

•0006622517 

1511 

2283121 

8449795831 

38-8716834 

11-4750562 

•0006618134 

1512 

2286144 

8456649728 

38-8844442 

11-4775871 

•0006613757 

1513 

2289169 

3463612697 

38-8973006 

11-4801169 

•0006609385 

1514 

2292196 

8470384744 

88-9101629 

11-4826456 

•0006605020 

1515 

2295225 

3477265875 

38-9230009 

11-4851731 

•0006600660 

1516 

2-.>,98256 

8484150096 

38-9358447 

11-4876995 

•0006596306 

1517 

2801289 

8491056413 

88-9486841 

11-4902249 

•0006591958 

1518 

2304324 

3597903832 

38-9615194 

11-4927491 

•0006587615 

1519 

2307361 

8504881359 

38-9743605 

11-4952722 

•0006583278 

1520 

2310400 

3511808000 

38-9871774 

11-4977942 

•0006578947 

1621 

2313441 

3518743761 

89-0000000 

11-5003161 

•0006574622 

1522 

2316484 

8525688648 

89-0128184 

11-6028348 

•0006570302 

1523 

2319529 

8532642667 

39-0256326 

11  •5053636 

•0006565988 

1524 

2322576 

8539605824 

890384426 

11-5078711 

•0006561680 

1625 

2325625 

8546578125 

89-0512488 

11-5103876 

•0006557377 

1626 

2328676 

8553559576 

89-0640499 

11-5129030 

-0006563080 

1527 

2331729 

3667549562 

89-0768473 

11  •5164173 

•0006548788 

1628 

2334784 

8660658183 

39-0896406 

11-5179805 

•0006544503 

1629 

2337841 

3574558889 

89-1024296 

11-5204425 

•0006540222 

1530 

2340900 

8681577000 

89-1162144 

11-5229535 

•0006535948 

1631 

2343961 

8688604291 

39-1279951 

11  •5254634 

-0006531679 

1632 

2347024 

8595640768 

89-1407716 

11-5279722 

-0006527415 

1533  ' 

2350089 

8602686487 

89-1636439 

11-5304799 

-0006523157 

1634 

2353166 

8609741304 

•  89-1668120 

11-5829865 

•0006518905 

1635 

2366225 

8616805376 

89-1790760 

11-5854920 

•0000514658 

1636 

2369266 

8623878656 

39-1918359 

11-5379965 

•0006510417 

1637 

2362369 

8630961163 

89-2045915 

11-5404998 

•0006506181 

1638 

2366444 

8638062872 

89-2173481 

11-6430021 

•0006501951 

1639 

2368521 

3646163819 

89'2800905 

11-6456038 

•0006497726 

1540 

2371600 

3652264000 

89-2428387 

11-5480034 

•0006493506 

1541 

2374681 

3669383421 

39-2656728 

11  •6605025 

•0006489203 

1542 

2377764 

3666512088 

39-2683078 

11  •5530004 

•0006485084 

1543 

2380849 

8673650007 

39-2810387 

11-5554972 

•00064 80S81 

1544 

2383936 

8680797184 

89-2937654 

11-5579931 

•0006476684 

1645 

2387026 

3687953625 

89-3064880 

11-5604878 

•0006472492 
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Kuiber. 

Squares. 

CdIms. 

Squ&re  Roots. 

Cube  Boot*. 

ReciproealB. 

1546 

2890116 

8695119336 

39-3192066 

11-5629816 

-0006468305 

1647 

2393209 

8702294328 

89-8319208 

11-5664740 

•0006464124 

1648 

2396804 

3709478592 

89-8446311 

11-6679655 

•0006469948 

1549 

2399401 

3716672149 

89-3573378 

11-6704659 

-0006465778 

1560 

2402500 

8723876000 

89-3700394 

11  •5729453 

-0006451613 

1551 

2405601 

8731087161 

89-3827373 

11  •5754836 

•0006447453 

1652 

2408704 

3738308608 

39-8954312 

11-6779208 

-0006443299 

1653 

2411809 

8745539377 

39-4081210 

11-5804069 

-0006439150 

1554 

2414916 

8762779464 

39-4208067 

11-5828919 

•0006486006 

1555 

2418026 

8760028875 

894834888 

11  •6868759 

-0006430868 

1556 

2421136 

8767287616 

89-4461658 

11-5878688 

-0006426735 

1567 

2424249 

8774555693 

89-4588893 

11-6903407 

-0006422608 

1658 

2427864 

8781883112 

89-4715087 

11-6928215 

•0006418485 

1559 

2430481 

8789119879 

89-4841740 

11-5953018 

•0006414368 

1560 

2433600 

8796416000 

89-4968868 

11-6977799 

•0006410256 

1661 

2436721 

8803721481 

89-5094925 

11-6002576 

-0006406150 

1562 

'2439844 

8811036328 

89-5221467 

11-6027842 

•0006402049 

1663 

2442969 

8818860547 

89-5847948 

11-6052097 

•0006397953 

1564 

2446096 

8825641444 

89-5474399 

11-6076841 

•0006393862 

1565 

2449225 

8833037125 

89-5600809 

11-6101675 

-0006389776 

1566 

2452866 

8840389496 

89-5727179 

11-6126299 

•0006885696 

1567 

2456489 

8847751268 

89-5868508 

11-6161012 

•0006381621 

1568 

2468624 

8855123432 

89-5979797 

11-6175715 

•0006377661 

1569 

2461761 

8862603009 

89-6106046 

11-6200407 

•0006373486 

1570 

2464900 

3869888000 

89*6232255 

11-6226088 

•0006869427 

1571 

2468041 

8877292411 

89-6368424 

11-6249759 

•0006866872 

1572 

2471184 

3884701248 

89-6484652 

11-6274420 

•0006861828 

1573 

2474329 

8892119157 

89-6610640 

11-6299070 

-0006867279 

1574 

2477476 

8899547224 

89-6736688 

11-6328710 

•0006853240 

1575 

2480625 

8906984375 

89-6862696 

11-6848339 

-0006349206 

1676 

2483776 

8914430976 

89-6988665 

11-6872957 

•0006845178 

1677 

2486929 

8921887033 

89-7114698 

11-6397566 

•0006841154 

1578 

2490084 

3929352562 

89-7240481 

11-6422164 

•0006337136 

1579 

2493241 

3936827539 

89-7366329 

11-6446751 

•0006338122 

1580 

2496400 

8944312000 

89-7492138 

11-6471329 

•0006329114 

1581 

2499561 

8951805941 

89-7617907 

11-6495895 

•0006325111 

1582 

2602724 

8969309368 

89-7743636 

11-6520462 

•0006321118 

1588 

2605889 

8966822287 

39-7869325 

11-6644998 

•0006817119 

1684 

2509066 

8974344704 

89-7994976 

11  •6569634 

•0006313181 

1686 

2612^25 

8981876625 

89-8120686 

11-6594059 

•0006809148 

1686 

2515896 

8989418066 

89-8246155 

11-6618574 

•0006805170 

1687 

2618669 

8996969008 

39-8371686 

11-6648079 

•0006801197 

1688 

2621744 

4004529472 

89-8497177 

11-6667574 

•0006297229 

1689 

2524921 

4012099469 

89-8622628 

11-6692058 

•0006293266 

1690 

2628100 

4014679000 

89-8748040 

11-6716682 

•0006289808 

1691 

2631281 

4027268071 

89-8878418 

11-6740996 

•0006285856 

1692 

2534464 

4034866688 

89-8998747 

11-6765449 

•0006281407 

1693 

2687649 

4042474857 

89-9124041 

11-6789892 

•0006277464 

1694 

2640836 

4050092584 

89-9249295 

11-6814825 

•0006273526 

1695 

2644025 

4067719875 

89-9374511 

11-6838748 

•0006269592 

1696 

2547216 

4065866786 

89-9499687 

11-3863161 

•0006265664 

1697 

2660409 

4078008178 

89-9624824 

11-6887563 

-0006261741 

1598 

2668604 

4080669192 

89-9749922 

11-6911965 

•0006257822 

1699 

26568t)l 

4088324799 

89-9874980 

11-6936337 

•0006253909 

1600 

2560000 

4096000000 

40-0000000 

11-6960709 

•0006250000 

Tofifid  the  square  or  cube  root  of  a  number  consisting  of  integers 

arid  decimals. 

EuLE. — ^Multiply  the  difference  between  the  root  of  the  integer 

part  of  the  given  number,  and  the  root  of  the  next  higher  integer 

number,  by  the  decimal  part  of  the  given  number,  and  add  the 
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product  to  the  root  of  the  given  integer  number ;  the  sum  is  the 
root  required. 

Required  the  square  root  of  20*321. 

Square  root  of  21  «  4-5825 
Do.  20  =  44721 

•1104  X  -321  +  4-4721  =  4-6075384,  the 
square  root  required. 

Required  the  cube  root  of  16-42. 
Cube  root  of  17  =  2-5712 
Do.       16  =  2-5198 

•0514  X  -42  +  2-6198  =  2-541388,  the  cube 
root  required. 

To  find  the  squares  of  numbers  in  arithmetical  progress!^  ;  or, 
to  extend  the  foregoing  table  of  squares. 

Rule. — Find,  in  the  usual  way,  the  squares  of  the  first  two  num- 
bers, and  subtract  the  less  from  the  greater.  Set  down  the  square 
of  the  larger  number,  in  a  separate  column,  and  add  to  it  the  dif- 
ference already  found,  with  the  addition  of  2,  as  a  constant  quan- 
tity ;  the  product  will  be  the  square  of  the  next  following  number. 

The  square  of  1500 =  2250000 2250000 

The  square  of  1499 =  2247001 

DiflFerence 2999  -f  2  =       3001 

The  square  of  1501 2253001 

DiflFerence 3001  +  2  =       3003 

The  square  of  1502 2266004 

To  find  the  square  of  a  greater  number  than  is  contained  in  the  table. 

Rule  1. — If  the  number  required  to  be  squared  exceed  by  2,  3, 4, 
or  any  other  number  of  times,  any  number  contained  in  the  table, 
let  the  square  aflSxed  to  the  number  in  the  table  be  multiplied  by 
the  square  of  2,  3,  or  4,  &c.,  and  the  product  will  be  the  answer 
sought. 

Required  the  square  of  2696. 

2595  is  three  times  greater  than  865 ;  and  the  square  of  865, 
by  the  table,  is  748225. 

Then,  748225  x  3«  =  6734025. 

Rule  2. — If  the  number  required  to  be  squared  be  an  odd  num- 
ber, and  do  not  exceed  twice  the  amount  of  any  number  contained 
in  the  table,  find  the  two  numbers  nearest  to  each  other,  which, 
added  together,  make  that  sum;  then  the  sum  of  the  squares  of 
these  two  numbers,  by  the  table,  multiplied  by  2,  will  exceed  the 
square  required  by  1. 

Required  the  square  of  1865. 

The  two  nearest  numbers  (932  +  933)  =  1865. 

Then,  by  table  (932^  =  868624)  +  (933*  =  870489)  =  1739113  x 
2  =  3478226  « 1  =  3478226. 
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To  find  the  cube  of  a  greater  number  than  U  contained  in  the  table. 
Rule. — Proceed,  as  in  squares,  to  find  how  many  times  the  num- 
ber required  to  be  cubed  exceeds  the  number  contained  in  the  table. 
Multiply  the  cube  of  that  number  by  the  cube  of  as  many  times  as 
the  number  sought  exceeds  the  number  in  the  table,  and  the  pro- 
duct will  be  the  answer  required. 

Required  the  cube  of  3984. 

3984  is  4  times  greater  than  996 ;  and  the  cube  of  996,  by  the 
table,  is  988047936. 

Then,  988047936  x  4^  =  63^35067904. 

To  find  the  square  or  cube  root  of  a  higher  number  than  is  in  the  table. 

Rule. — Refer  to  the  table,  and  seek  in  the  column  of  squares 
or  cubes  the  number  nearest  to  that  number  whose  root  is  sought, 
and  the  number  from  which  that  square  or  cube  is  derived  will  be 
the  answer  required,  when  decimals  are  not  of  importance. 

Required  the  square  root  of  542869. 

In  the  Table  of  Squares,  the  nearest  number  is  543169 ;  and 
the  number  from  which  that  square  has  been  obtained  is  737. 
Therefore,  ^7542869  «  737  nearly. 

To  find  more  nearly  the  cube  root  of  a  higher  number  than  is  in 

the  table. 

Rule. — ^Ascertain,  by  the  table,  the  nearest  cube  number  to  the 
number  given,  and  call  it  the  assumed  cube. 

Multiply  the  assumed  cube,  and  the  given  number,  respectively, 
by  2 ;  to  the  product  of  the  assumed  cube  add  the  given  number, 
and  to  the  product  of  the  given  number  add  the  assumed  cube. 

Then,  by  proportion,  as  the  sum  of  the  assumed  cube  is  to  the 
smn  of  the  given  number,  so  is  the  root  of  the  assumed  cube  to 
tjie  root  of  the  given  number. 

Required  the  cube  root  of  412568555. 

By  the  table,  the  nearest  number  is  411830784,  and  its  cube 
root  is  744 

Therefore,  411880784  x  2  +  412568555  =  1236230123. 
And,  412568555  X  2  +  411830784  =  1236967894. 
Hence,  as  1236230123  :  1286967894  : :  744 :  744-369,  very  nearly. 

To  find  the  square  or  cube  root  of  a  number  containing  decimals. 

Rule. — Subtract  the  square  root  or  cube  root  of  the  integer  of 
the  given  number  from  the  root  of  the  next  higher  number,  and 
multiply  the  difference  by  the  decimal  part.  The  product,  added  to 
the  root  of  the  integer  of  the  given  number  will  be  the  answer 
required. 

Required  the  square  root  of  321-62. 

x/321  =  17-9164729,  and  ^7322  =  17-9443584;  the  difference 
(•0278855)  X  -62  +  17-9164729  =  17-9337619. 
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To  obtain  the  square  root  or  cube  root  of  a  number  containing  deci- 
malsj  by  inspection. 

Rule. — The  square  or  cube  root  of  a  number  containing  deci- 
mals may  be  found  at  once  by  inspection  of  the  tables,  bj  taking 
the  figures  cut  off  in  the  number^  by  the  decimal  point,  in  pairs 
if  for  the  square  root,  and  in  triads  if  for  the  cube  root.  The  fol- 
lowing example  will  show  the  results  obtained,  by  simple  inspec- 
tion of  the  tables,  from  the  figures  234,  and  from  the  numbers 
formed  by  the  addition  of  the  decimal  point  or  of  ciphers. 


Number. 

Square  Root. 

Cube  Root. 

•00234 

•0483736466* 

•132761439+ 

•0234 

•162970585 

•284t 

•2340 

•483735465 

•61622401 

2-34 

1  •52970585 

1-32761439 

28-40 

4-83735466 

2-860 

234 

16-2970586 

6-1622401 

2840 

48^8736466 

13-2761439 

28400 

162-970686 

28-60 

To  find  the  cubes  of  numbers  in  arithmetical  progression^  or  to  extend 
the  preceding  table  of  cubes. 

Rule. — Find  the  cubes  of  the  first  two  numbers,  and  subtract 
the  less  from  the  greater.  Then,  multiply  the  least  of  the  two 
numbers  cubed  by  6,  add  the  product,  with  the  addition  of  6  as  a 
constant  quantity,  to  the  difference ;  and  thus,  adding  6  each  time 
to  the  sum  last  added,  form  a  first  series  of  differences. 

To  form  a  second  series  of  differences,  bring  down,  in  a  separate 
column,  the  cube  of  the  highest  of  the  above  numbers,  and  add 
the  difference  to  it.  The  amount  will  be  the  cube  of  the  next 
general  number. 

Required  the  cubes  of  1501,  1602,  and  1608. 


First  teries  of  differences. 
By  Tab.  1600  =  8376000000 
1499  =:  8868254499 


1499x6+6: 
9000  4-6  = 
9006  +  6  = 


6746501  difference. 
9000 


6764601  diff.  of  1600 
9006 


6768607  diff.  of  1601 
9012 


6772519  diff.  of  1602 


&c.,  &c. 


Second  eeriea  of  differences. 

Then,  8876000000  Cube  of  1500* 
Diff.  for  1600=   6764501 

8881764501  Cube  of  1601 
Diff.  for  1601  =   6763507 

8888518008  Cube  of  1502 
Diff.  for  1602  =   6772519 

8896290627  Cube  of  1608 

&0.|  &c. 


♦  Derived  from  -002840  by  means  of  2840. 

{Derived  from  002840  by  means  of  2840. 
The  nearest  result  by  simple  inspection  is  obtained  for  -028  by  28.  But  four 
places  coirect  can  always  be  obtained  by  looking  in  the  table  of  cubes  for  the 
nearest  triad  or  triads,  in  this  instance  for  28400 ;  the  cube  beginning  with  the 
figures  23898  is  that  of  2860,  whence  2860  is  true  to  the  last  place,  and  is  after- 
wards substituted. 
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Table  of  the  Fourth  and  Fifth  Powers  of  Numbers. 


ITvitar. 

Hhr^<n. 

HhfdWCirK 

Kiqpber. 

4lllFDWtf. 

Odl  ^ITET. 

I 

1 

70 

ss^mja 

Si3Ji:y2i370 

1« 

82 

77 

3*1&3041 

27007114157 

ai 

sm 

7B 

Ii701fiO5O 

2^7  msm 

im 

1(1-24 

7U 

aHft6<)0Sl 

3li77O&^i300 

mA 

3laa    ' 

SO 

40000000 

3270800000 

l^iQ 

T77fl    ' 

ai 

4304fl721      1 

341507  imol 

£401 

10807 

82 

4*21217 a 

S7073Ufi432 

4uva 

^^ 

sa 

4745(J321 

a030O4(>»43 

er>6i 

&iK>40 

M 

407Si7)30 

4183110424 

lOJUO 

lOOOUO 

B5 

^2^00625 

4437053126 

14^t 

lfll05l 

BO 

&470^10 

47O427017ti 

3tfi30 

248^133 

87 

572»07fll 

4&fl4X'<ii2ii7 

SS^Ol 

svufcia 

SS 

60000530 

52773101118 

ssaa 

&37titH 

SD 

0274l''i41 

558405^440 

We^ 

75tiS7a 

W) 

66(tlO000 

IHH>4900000 

05&38 

l&4«Ci7tf 

fll 

OS6740O1 

0240321451 

»35il 

1410SS7 

02 

710302^0 

O&OOSISSJKJ 

I04y70 

I8Sy60S 

f)3 

T4M6atJl 

66>M*lH5IOtt3 

isimi 

^7l»9^ 

04 

7807 4beo 

7SS!H\Ui2.U 

SO 

leotKjo 

33^KX)00 

05 

8]450ft25 

7737i*O0a76 

21 

jimn 

4fm3QX 

90 

84034550 

ai53720O70 

m. 

S»£^ 

blbS^m 

07 

885202:^1 

86S734025T 

^ 

2rgi?4i 

413G343 

08 

02236H1O 

9u3!0aOTOe8 

31 

33lT7fl 

7fta2<m 

9& 

flW^Otat 

O5O00OO4S9 

9d 

3»t)C^ 

e7f4iiizo 

100 

iQOOOOfJOO 

IQUOOOOOOOO 

» 

4jd97^ 

n«^i37fl 

101 

l040rx}4Ql 

iDdlOliHteOl 

SfT 

631441 

l4;u»9UT 

102 

1 0^243210 

iiwo^ifsoaa 

m 

614656 

i:2lJ3fl8 

loa 

112560S81 

115b274tJ743 

m 

ToTiSl 

»>{^1114« 

104 

1100^850 

121t}0&2SHm 

m 

SlOQOa 

^         MSMMWJg 

105 

12l5M>a25 

lJ702Hll»fl25 

n 

023621 

asmiM 

100 

i2a^7tiyo 

13382-255770 

53 

1041*570 

33:>644;» 

107 

131070001 

14025517307 

a^ 

11S*931 

3Bia^mi 

108 

13OO4ffB06 

14003280708 

u 

133S336 

4&43&4n 

100 

141l5aiOl 

15380230540 

35 

mK)0£5 

fi2321ST£ 

110 

14W10000 

10105100000 

U 

I87M10 

«>4WIT« 

111 

161S07041 

1«8606»651 

37 

l&74iei 

es^mtfT 

112 

l57B6193a 

17833410833 

» 

30S513« 

762351  Ci 

m 

163047361 

18424351703 

SB 

2313441 

9omm 

114 

lOSi^&dOlfl 

1925414&S24 

10 

2fi(300OO 

vmaofm 

lift 

174B00635 

20113571875 

41 

88257151 

ii&maai 

110 

181003038 

21003410570 

43 

311101^ 

13<H»1332 

117 

1S73S8721 

3100*4*0367 

4S 

B41SS01 

14700^413 

ua 

10387777* 

3iW776775ea 

44 

3748096 

]M91(m4 

119 

S00533021 

23803530500 

4a 

4lU0ft25 

184jl2St^ 

120 

aQ73^»OOQ 

248S3SOO0OQ 

4« 

447745fl 

SMefl207e 

121 

2H;j&HSHl 

25^374244KI1 

4T 

i«79eai 

2203450UT 

.     m 

321633450 

27027081092 

4a 

Asoaiie 

^MAotaoea 

123 

32^^0641 

38153058843 

« 

fiT^4«01 

'          S9247534B 

1^ 

2as*al370 

39310360024 

fiO 

&i^o(m 

312&0«KK) 

12* 

244140025 

30517678135 

«l 

ero&'joi 

aiwssasi 

128 

2E3047376 

31757000370 

a 

Tsnaifl 

380204032 

127 

20(^44041 

SaO3S3A04O7 

» 

TSW4St 

4li§10&4tt» 

12S 

20443545^ 

34850738308 

u 

S6O305fl 

45&la60£4 

120 

270022*11 

S57i3O5104# 

6d 

«rw25 

60a^437ft 

130 

2&5alOWJO 

Sf7l90SOOOOO 

H 

ee344oe 

Mo:an76 

131 

204409021 

3857M8O051 

ai 

Id&MMXIl 

801*02057 

ins 

30^.105770 

40074542433 

£« 

uamea 

fi5fl3a07(SS 

133 

3l20ti072l 

41Ol570&80a 

«e 

I21173fll 

04034209 

lai 

322417030 

43304003431 

00 

12E^)0000 

777600000 

136 

3;iJ150O25 

44*40854375 

n 

]3$4!>>^1 

a«5fte30i 

130 

3421t)20l5 

40535874170 

OS 

I477«t36 

1916ia!SSa2 

137 

352275301 

4i'jfll72^'i7 

a 

ifiTioyei 

Dg'243flA43 

189 

:ie2ilT3Ji30 

ftfiii^'M'iLl'H 

fli 

lff777dlfl 

WSIAUU 

ISO 

37;iaoi04i 

fiL^^^^-^-IM'^'O 

« 

17850B25 

iioo2saeQ& 

140 

swieoooo 

53:vJ4iHH!.jij 

Ht 

18974734 

1253332570 

141 

395:!54101 

5.■I7^H^H30701 

or 

aouiiii 

1360125107 

142 

doi^N68oa 

6773<''*33y233 

«s 

a3«l3T« 

1453033508 

143 

41 B 101 001 

507971(^043 

w 

22a«iiii 

B«403ia4B 

144 

4L'0OfilO0O 

01^17354224 

TO 

ft40lOCiQ(» 

lesoTooooo 

145 

'         442050025 

64O0734O*5:!5 

Tl 

36411041 

istmm&i 

140 

454.^71^50 

003^8200070 

72 

26STa4^ 

ift$wi7«3a 

147 

4«mt48^1 

eao414fi£507 

73 

383»324t 

3073071 5»3 

148   ; 

470TM21O 

71008311008 

T4 

aw865:s 

2ZlWOfifi24 

140 

403^H4O1 

7843S776740 

n 

31640425 

2573040876 

IbQ 

500250000 

■  UPvl  V*""^^* 
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Table 

I  of  Hyperbolic  Logarithm^ 

N. 

Logarithm. 

N. 

Logarithm. 

N. 

LoBarithm. 

N. 

Locaiitfam. 

101 

•0099503 

1-58 

•4574248 

2^16 

•7054678 

2^72 

1-0006318 

1-02 

•0198026 

1-59 

•4637840 

2^16 

•7701082 

2^78 

1-0043015 

1-03 

•0295688 

VQO 

•4700036 

2^17 

•7747271 

274 

1-0079579 

1-04 

•0392207 

r6i 

•4762341 

2^18 

•7798248 

275 

1-0116008 

105 

•0487902 

1^62 

•4824261 

2^19 

•7889016 

2-76 

1-0152306 

i-or> 

•0582689 

1-63 

•4885800 

2-20 

•7884673 

277 

1-0188473 

1-07 

•0076686 

1^64 

•4946962 

2^21 

•7929926 

2^78 

1 -0224509 

1-08 

•0769610 

1^65 

•5007762 

2-22 

•7975071 

2-79 

1-0260416 

1-09 

•0861777 

r66 

•6068176 

2-28 

•8020015 

2-80 

1-0296194 

MO 

•0958102 

1-67 

•6128236 

2-24 

•8064768 

2^81 

1-0831844 

Ml 

•1043600 

1^68 

•5187987 

226 

•8109302 

2^82 

1-0367368 

M2 

•1133287 

1^69 

•6247286 

226 

•8168648 

2^88 

1-0402766 

M3 

•1222176 

1-70 

•6306282 

2-27 

•8197798 

2-84 

1-0488040 

M4 

•1310288 

1^71 

•6364933 

2-28 

•8241764 

2-85 

10473189 

1-15 

■1397619 

1-72 

•6428242 

2^29 

•8286618 

2-86 

10508216 

116 

•1484200 

1-78 

•6481214 

230 

•8329091 

2^87 

1 -0543120 

117 

•1570037 

1-74 

•6538851 

2-31 

•8372476 

2^88 

1-0677902 

M8 

•1655144 

1-76 

•5596157 

2^82 

•8415671 

2^89 

1 -0612564 

1-19 

•1739533 

1^76 

•6668188 

288 

•8458682 

2-90 

10647107 

1-20 

•1823215 

1^77 

•5709795 

2-84 

•8501609 

2-91 

1-0681630 

1-21 

•1906208 

1^78 

•5766183 

2-85 

•8644158 

2-92 

1-0716836 

1-22 

•1988508 

b79 

•5822166 

2-86 

•8586616 

2^93 

1-0760024 

1-23 

•2070141 

1^80 

•5877866 

2^37 

•8628899 

2^94 

1-0784095 

1-24 

•2151118 

1^81 

■5938268 

2^88 

•8671004 

2-95 

1-0818051 

1-25 

•2231435 

1-82 

•6988366 

2-39 

•8712938 

2-96 

1-0851892 

1-26 

•2311117 

1-88 

•6043169 

2-40 

•8764687 

2^97 

1-0885619 

1-27 

•2390169 

1-84 

•6097665 

2^41 

•8796267 

2^98 

1-0919283 

1-28 

•2468600 

1-85 

•6151866 

2-42 

•8837676 

2^99 

1-0952788 

1-29 

•2546422 

1-86 

•6206764 

248 

•8878912 

800. 

1-0986128 

1-80 

•2623642 

1^87 

•6259384 

244 

•8919980 

801 

1-1019400 

1-31 

•2700271 

1^88 

•6312717 

2-45 

■8960880 

802 

1-1052568 

1-82 

•2776317 

1^89 

'6366768 

2-46 

•9001618 

8-08 

11086626 

1-38 

•2851789 

1^90 

•6418588 

2-47 

•9042181 

8^04 

11118576 

1-34 

•2926696 

1^91 

•6471032 

2^48 

•9082686 

8  05 

11161416 

1-35 

•3001045 

b92 

•6528261 

2-49 

•9122826 

306 

1-1184149 

1-36 

•3074846 

1^98 

•6576200 

260 

•9162907 

8^07 

11216775 

1-87 

•3148107 

1-94 

•6626879 

2^51 

•9202827 

808 

1^1249295 

1-38 

•8220884 

1-95 

•6678298 

2^52 

•9242689 

8^09 

11281710 

1-39 

•3293037 

1-96 

•6729444 

2-53 

•9282193 

810 

11314021 

1-40 

•3364722 

1-97 

•6780886 

2^54 

•9321640 

8-11 

11 346227 

1-41 

•3435897 

1-98 

•6880968 

2-56 

•9360938 

812 

1-1378380 

1-42 

•3506668 

199 

•6881346 

2-66 

•9400072 

818 

1  1410330 

1-43 

•8576744 

2-00 

•6931472 

2-57 

•9489068 

814 

1  1442227 

1-44 

•8646481 

2-01 

•6981347 

2-68 

•9477898 

316 

1-1474024 

1-45 

•3716636 

2-02 

•7030974 

2^69 

•9616578 

8-16 

1  1606720 

1-46 

•8784864 

208 

•7080367 

2-60 

•9656114 

817 

11637815 

1-47 

•3852624 

204 

■7129497 

2^61 

•9698502 

8-18 

1  1668811 

1-48 

•3920420 

206 

•7178397 

2^62 

•9681748 

819 

1-1600209 

1-49 

•3987761 

2-06 

•7227069 

2-63 

•9669838 

8-20 

1-1631608 

1-50 

•4054661 

2-07 

•7275485 

2^64 

•9707789 

821 

1  1662709 

1-61 

•4121096 

2-08 

•7323678 

2^65 

•9746696 

8-22 

1^1 69381 3 

1-52 

•4187103 

2^09 

•7871640 

2-66 

•9783261 

3^23 

1-1724821 

1-63 

•4262677 

2^10 

•7419373 

2-67 

•9820784 

8-24 

1  1766733 

1-54 

•4317824 

2^11 

•7466879 

2-68 

•9868167 

8-26 

1^1 786549 

1-65 

•4382649 

212 

•7614160 

2^69 

•9895411 

826 

1-1817271 

1-56 

•4446868 

213 

■7561219 

2^70 

•9982517 

827 

1-1847899 

1-67 

•4510756 

2^14 

•7608058 

2^71 

•9969486 

8^28 

11878434 
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K. 

Logarithm. 

N. 

Logarithm. 

N. 

Logarithm. 

N. 

Logarithm. 

8-29 

1-1908875 

3-91 

1-3636378 

4-53 

1-5107219 

5-15 

1-6389967 

3-30 

M9S9224 

3-92 

1-3660916 

4-54 

1-5129269 

5^16 

1-6409365 

3-31 

1-1969481 

3-93 

1-3686394 

4-55 

1-5161272 

5-17 

1-6428726 

3-32 

1-1999647 

3-94 

1-8711807 

4-56 

1-5173226 

5-18 

1-6448050 

3-88 

1-2029722 

3-95 

1-8737166 

4-57 

1-5195182 

5-19 

1-6467336 

3-34 

1-2059707 

3-96 

1-3762440 

4-58 

1-5216990 

5-20 

1-6486680 

3-3o 

1-2089603 

3-97 

1-3787661 

4-59 

1-5238800 

5-21 

1-6605708 

3-36 

1-2119409 

3-98 

1-3812818 

4-60 

1-5260563 

5-22 

1-6624974 

8'37 

1-2149127 

3-99 

1-3837912 

4-61 

1-5282278 

6-23 

1-6544112 

3-38 

1-2178767 

4-00 

1-3862943 

4-62 

1-6308947 

5-24 

1-6663214 

3-39 

1-2208299 

4-01 

1-3887912 

4-63 

1-5825668 

5-26 

1-6682280 

8-40 

1-2237754 

4-02 

1-3912818 

4-64 

1-6847143 

5-26 

1-6601310 

3-41 

1-2267122 

4-03 

1-3937663 

4-65 

1-6868672 

5-27 

1-6620803 

3-42 

1-2296405 

4-04 

1-3962446 

4-66 

1  •6890154 

6-28 

1-6689260 

3-43 

1-2325605 

4-06 

1-3987168 

4-67 

1-5411690 

5-29 

1-6658182 

8-44 

1-2354714 

4-06 

1-4011829 

4-68 

1-5432981 

5-30 

1 -6677008 

3-45 

1-2383742 

4-07 

1-4036429 

4-69 

1-6464325 

6-31 

1-6695918 

3-46 

1-2412685 

4-08 

1-4060969 

4-70 

1-5476625 

5-32 

1-6714733 

8-47 

1-2441545 

409 

1-4086449 

4-71 

1-5496879 

5-33 

1-6733512 

3-48 

1-2470822 

410 

1-4109869 

4-72 

1-5518087 

5-34 

1-6752256 

3-49 

1-2499017 

4-11 

1-4134230 

4-73 

1-5539252 

5-35 

1-67709G5 

8-50 

1-2527629 

412 

1-4168631 

4-74 

1-6560371 

5-36 

1-6789630 

3-51 

1-2566160 

413 

1-4182774 

4-76 

1-6581446 

5-37 

1-6808278 

3-52 

1-2584609 

4-14 

1-4206967 

4-76 

1-5602476 

5-38 

1-6820882 

3-58 

1-2612978 

415 

1-4231083 

4-77 

1-6623462 

6-39 

1-6845453 

3-64 

1-2641266 

4-16 

1-4266160 

4-78 

1-5644405 

5-40 

1-6863989 

3-55 

1-2669475 

4-17 

1-4279160 

4-79 

1-5665304 

5-41 

1-6882491 

3-56 

1-2697605 

4-18 

1-4308112 

4-80 

1-5686159 

5-42 

1-6900958 

3o7 

1-2725655 

4-19 

1-4327007 

4-81 

1-5706971 

5-43 

1-6919391 

3-58 

1-2753627 

4-20 

1-4360845 

4-82- 

1-5727739 

5-44 

1-6937790 

3-59 

1-2781521 

4-21 

1-4374626 

4-83 

1-6748464 

5-45 

1-6950100 

3-ao 

1-2809338 

4-22 

1-4898351 

4-84 

1-5769147 

5-46 

1-6974487 

3-61 

1-2837077 

4-23 

1-4422020 

4-85 

1-6789787 

5-47 

1-6992780 

3-62 

1-2864740 

4-24 

1-4445632 

4-86 

1-5810384 

5*48 

1-7011051 

3-63 

1-2892320 

4-25 

1-4469189 

4-87 

1-5830939 

5-49 

1-7029282 

8-64 

1-2919836 

4-26 

1-4492691 

4-88 

1-6861452 

5-50 

1-7047481 

3-65 

1-2947271 

4-27 

1-4516138 

4-89 

1-5871923 

5-61 

1-7065646 

3-66 

1-2974631 

4-28 

1-4639530 

4-90 

1-5892352 

6-52 

1-7083778 

3-C7 

1-3001916 

4-29 

1-4502867 

4-91 

1-5912739 

6-68 

1-7101878 

3-68 

1-3029127 

4-30 

1-4586149 

4-92 

1-5933085 

5-54 

1.7119944 

3-69 

1-3056264 

4-31 

1-4609379 

4-93 

1-6953889 

5-55 

1-7137979 

3-70 

1-8083328 

4-32 

1-4632553 

4-94 

1-5973653 

5-56 

1-7165981 

3-71 

1-3110318 

4-33 

1-4656675 

4-95 

1  •5993875 

5-57 

1-7173950 

3-72 

1-3137236 

4-34 

1-4678748 

4-96 

1-6014067 

5-58 

1-7191887 

3-73 

1-3164082 

4-35 

1-4701768 

4-97 

1-6034198 

5-59 

1-7209792 

3-74 

1-3190856 

4-36 

1-4724720 

4-98 

1-6064298 

6-60 

1-7227666 

3-75 

1-3217558 

4-37 

1-4747630 

4-99 

1-6074858 

6-61 

1-7246507 

8-76 

1-3244189 

4-38 

1-4770487 

5-00 

1-6094879 

5-62 

1-7263316 

3-77 

1-3270749 

4-39 

1-4793292 

5-01 

1-6114359 

5-63 

1-7281094 

3-78 

1-3297240 

4-40 

1-4816045 

5-02 

1-6134300 

5-64 

1-7298840 

3-79 

1-3323660 

4-41 

1-4838746 

5-03 

1-6154200 

5-65 

1-7316555 

3-80 

1-3350010 

4-42 

1-4861396 

5-04 

1-6174060 

6-66 

1-7334238 

3-81 

1-8376291 

4-48 

1-4883995 

5-05 

1-6193882 

6-67 

1-7351891 

3-82 

1-3402504 

4-44 

1-4906643 

5-06 

1-6213664 

6-68 

1-7369512 

3-83 

1-3428648 

4-45 

1-4929040 

5-07 

1-6233408 

6-69 

1-7387102 

8-84 

1-3454723 

4-46 

1-4961487 

5-08 

1-6253112 

6-70 

1-7404661 

3-85 

1-8480731 

4-47 

1-4973883 

5-09 

1-6272778 

6-71 

1-7422189 

3-80 

1-8506671 

4-48 

1-4996230 

5-10 

1-6292405 

5-72 

1-7439687 

8-87 

1-8582544 

4-49 

1-5018527 

5-11 

1-6811994 

5-73 

1-7457155 

3-88 

1-8558351 

4-50 

1-5040774 

5-12 

1-6831544 

5-74 

1-7474591 

3-89 

1-3684091 

4-61 

1-6062971 

5-13 

1-6351056 

5-76 

1-7491998 

8-90 

1-3609765 

4-52 

1-5085119 

5-14 

1-6370630 

5-76 

1-7609374 
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N. 

Logarithm. 

N. 

Logarithm. 

N. 

7-01 

Logarithm. 

N. 

Logmrithn. 

6-77 

1-7526720 

6-39 

1-8647842 

1-9478376 

7-63 

2-0820878 

5-78 

1-7544086 

6-40 

1-8662979 

7-02 

1-9487632 

7-64 

2-0333976 

6-79 

1-7561323 

6-41 

1-8578592 

7-03 

1-9501866 

7-65 

2-0347056 

6-80 

1-7578579 

6-42 

1-8594181 

7-04 

1-9516080 

7-66 

20860119 

6-81 

1-7596805 

6-43 

1-8609745 

7-05 

1-9580275 

7-67 

20373166 

6-82 

1-7613002 

6-44 

1-8625285 

7-06 

1-9544449 

7-68 

2-0386196 

5-83 

1-7680170 

6-45 

1-8640801 

7-07 

1-9558604 

7-69 

2-0399207 

5-84 

1-7647808 

6-46 

1-8656293 

7-08 

1-9572739 

7-70 

2  0412203 

5-85 

1-7664416 

6-47 

1-8671761 

7-09 

1-9586858 

7-71 

2-0426181 

6-86 

1-7681496 

6-48 

1-8687205 

7-10 

1-9600947 

7-72 

2-0438148 

6-87 

1-7608546 

6-49 

1-8702625 

7-11 

1-9615022 

7-73 

2-0461088 

6-88 

1-7715567 

6-50 

1-8718021 

7-12 

1-9629077 

7-74 

20464016 

6-89 

1-7782659 

6-51 

1-8733394 

7-18 

1-9643112 

7-75 

20476928 

6-90 

1-7749628 

6-52 

1-8748748 

714 

1-9657127 

7-76 

2-0489823 

6-91 

1-7766458 

6-63 

1-8764069 

7-15 

1-9671128 

7-77 

2-0502701 

6-92 

1-7783364 

6-64 

1-8779371 

7-16 

1-9685099 

7-78 

2-0615563 

5-93 

1-7800242 

6-66 

1-8794650 

7-17 

1-9699056 

7-79 

2-0528408 

6-94 

1-7817091 

6-56 

1-8809906 

7-18 

1-9712993 

7-80 

5^:0541287 

5-95 

1-7833912 

6-67 

1-8825138 

7-19 

1-9726911 

7-81 

20564049 

6-96 

1-7850704 

6-58 

1-8840347 

7-20 

1-9740810 

7-82 

2-056684O 

5-97 

1-7867469 

6-69 

1-8855683 

7-21 

1-9754689 

7-88 

2-0579624 

5-98 

1-7884205 

6-60 

1-8870696 

7-22 

1-9768549 

7-84 

2-0592388 

6-99 

1-7900914 

6-61 

1-8885887 

7-23 

1-9782390 

7-86 

2-0605135 

C-00 

1-7917594 

6-62 

1-8900964 

7-24 

1-9796212 

7-86 

2-0617866 

601 

1-7934247 

6-68 

1-8916048 

7-25 

1-9810014 

7-87 

2-0630580 

602 

1-7950872 

6-64 

1-8931119 

7-26 

1-9823798 

7-88 

20643278 

6-03 

1-7967470 

6-66 

1-8946168 

7-27 

1-9837562 

7-89 

2-0655961 

6-04 

1-7984040 

6-66 

1-8961194 

7-28 

1-9861308 

7-90 

2-0668627 

6-05 

1-8000582 

6-67 

1-8976198 

7-29 

1-9865085 

7-91 

2-0681277 

606 

1-8017098 

6-68 

1-8991179 

7-30 

1-9878743 

7-92 

2-0698911 

6-07 

1-8033686 

6-69 

1-9006188 

7-31 

1-9892432 

7-93 

2-0706580 

6-08 

1-8050047 

6-70 

1-9021075 

7-32 

1-9906108 

7-94 

2-0719182 

6-09 

1-8066481 

6-71 

1-9035989 

T-33 

1-9919764 

7-95 

2-0781719 

6-10 

1-8082887 

6-72 

1-9050881 

7-84 

1-9983387 

7-96 

2-0744290 

611 

1-8099267 

6-78 

1-9065751 

7-35 

1-9947002 

7-97 

2-0766845 

612 

1-8116621 

6-74 

1-9080600 

7-36 

1-9960599 

7-98 

2-0769384 

6-13 

1-8131947 

6-75 

1-9095426 

7-37 

1-9974177 

7-99 

2-0781907 

6-14 

1-8148247 

6-76 

1-9110228 

7-38 

1-9987786 

800 

2-0794415 

6-15 

1-8164520 

6-77 

1-9125011 

7-89 

2-0001278 

801 

2-0806907 

6-16 

1-81^0767 

6-78 

1-9139771 

7-40 

2-0014800 

8-02 

2-0819384 

617 

1-8196988 

6-79 

1-9154509 

7-41 

2-0028806 

808 

2-0881846 

6-18 

1-8213182 

6-80 

1-9169226 

7-42 

2-0041790 

8-04 

2-0844290 

6-19 

1-8229351 

6-81 

1-9183921 

7-48 

2-0066268 

8-05 

2-0856720 

6-20 

1-8245493 

6-82 

1-9198594 

7-44 

2-0068708 

8-06 

2-0869135 

6-21 

1-8261608 

6-83 

1-9213247 

7-45 

2-0082140 

8-07 

2-0881584 

6-22 

1-8277699 

6-84 

1-9227877 

7-46 

2-0096568 

8-08 

20893918 

6-23 

1-8298763 

6-85 

1-9242486 

7-47 

2-0108949 

8-09 

2-0906287 

6-24 

1-8309801 

6-86 

1-9257074 

7-48 

2-0122327 

8-10 

2-0918640 

6-26 

1-8326814 

6-87 

1-9271641 

7-49 

2-0135687 

8-11 

2-0930984 

6-26 

1-8341801 

6-88 

1-9286186 

7-50 

2-0149080 

8-12 

20943806 

6-27 

1-8357763 

6-89 

1-9300710 

7-51 

2-0162354 

8-18 

2-0955613 

6-28 

1-8373699 

6-90 

1-9315214 

7-52 

2-0175661 

8-14 

2-0967906 

6-29 

1-8889610 

6-91 

1-9329696 

7-63 

2-0188960 

8-16 

2-0980182 

6-30 

1-8405496 

6-92 

1-9344157 

7-64 

2-0202221 

8-16 

2-0992444 

6-31 

1-8421356 

6-98 

1  •9368698 

7-55 

2-0216475 

8-17 

2-1004691 

6-32 

1-8437191 

6-94 

1-9373017 

7-56 

2-0228711 

8-18 

2-1016923 

6-33 

1-8468002 

6-95 

1-9387416 

7-57 

2-0241929 

8-19 

2-1029140 

6-34 

1-8468787 

6-96 

1-9401794 

7-68 

2-0256181 

8-20 

21041341 

6-36 

1-8484547 

6-97 

1-9416162 

7-59 

20268315 

8-21 

2-1058529 

6-36 

1-8500288 

6-98 

1-9480489 

7-60 

2-0281482 

8-22 

2-1065702 

6-87 

1-8616994 

6-99 

1-9444805 

7-61 

20294631 

8-28 

2-1077861 

6-88 

1-8681680 

7-00 

1-9459101 

7-62 

2-0307763 

8-24 

2-1089998 

TABLE  07  HTPEBBOLIC  LOSABITHMS. 
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N.     Logmrithm.  | 

N. 

Logaxithm. 

N. 

LogmriUun. 

V. 

Logarithm- 

8-25 

2-1102128 

8-69 

2-1621729 

9-13 

2-2115666 

9-57 

2-2586332 

8-26 

21114243 

8-70 

2-1633230 

9-14 

2-2126603 

9-58 

2-2696776 

8-27 

2-1126343 

8-71 

2-1644718 

9-15 

2-2137588 

9-59 

2-2607209 

8-28 

2-1188428 

8-72 

2-1656192 

9-16 

2-2148461 

9-60 

2-2617631 

8-29 

2-1150499 

8-73 

2-1667663 

9-17 

2-2169372 

9-61 

2-2628042 

8-30 

2-1162665 

8-74 

2-1679101 

9-18 

2-2170272 

9-62 

2-2638442 

8-81 

21174596 

8-75 

2-1690636 

9-19 

2-2181160 

9-63 

2-2648832 

8-82 

2-1186622 

8-76 

2-1701959 

9-20 

2-2192084 

9-64 

2-2669211 

8-88 

2-1198684 

8-77 

2-1718367 

9-21 

2-2202898 

965 

2-2669679 

8-84 

21210632 

8-78 

2-1724763 

9-22 

2-2218750 

9-66 

2-2679936 

8-86 

21222615 

8-79 

2-1786146 

9-28 

2-2224690 

9-67 

2-2690282 

8-86 

21284584 

8-80 

2-1747617 

9-24 

2.2286418 

9-68 

2-2700618 

8-87 

2-1246589 

8-81 

2-1768874 

9-26 

2-2246286 

9-69 

2-2710944 

8*88 

2-1268479 

8-82 

2-1770218 

9-26 

2-2257040 

9-70 

2-2721258 

8-89 

2-1270405 

8-83 

2.1781550 

9-27 

2-2267883 

9.71 

2-2731662 

8-40 

2-1282817 

8-84 

24792868 

9-28 

2-2278615 

9-72 

2-2741856 

8-41 

2-1294214 

8-85 

2-1804174 

9-29 

2-2289885 

978 

2-2752138 

8-42 

2-1806098 

8-86 

2-1815467 

9-30 

2-2300144 

9-74 

2-2762411 

8-48 

2-1317967 

8-87 

2-1826747 

9-81 

2.2310890 

9-75 

2-2772G73 

8-44 

21329822 

8-88 

2.1888016 

9-82 

2-2821626 

9-76 

2-2782924 

8-45 

2-1341664 

8-89 

2-1849270 

9-88 

2-2332350 

9.77 

2-2793165 

8-46 

2-1353491 

8-90 

2.1860512 

9-34 

2-2348062 

9-78 

2-2803395 

8-47 

21366804 

8-91 

2-1871742 

9-35 

2.2858763 

9-79 

2-2813614 

8-48 

21377104 

8-92 

2-1882959 

9-36 

2-2864452 

9-80 

2-2823823 

8-49 

2-1388889 

8-93 

2-1894168 

9-37 

2.2375130 

9-81 

2-2834022 

8-50 

2-1400661 

8-94 

2-1905365 

9-38 

2-2885797 

9-82 

2-2844211 

8-61 

2-1412419 

8-95 

2-1916536 

9-39 

2.2896452 

9-88 

2-2854389 

8-62 

2-1424163 

8-96 

2-1927702 

9-40 

2.2407096 

9-84 

2-2864656 

8-53 

2-1436893 

8-97 

2-1988866 

9-41 

2.2417729 

9-86 

2-2874714 

8-54 

21447609 

8-98 

2-1949998 

9-42 

2-2428360 

9-86 

2-2884861 

8-55 

2-1459312 

8-99 

2-1961128 

9-43 

2.2488960 

9-87 

2*2894998 

8-66 

2-1471001 

900 

2-1972245 

9-44 

2-2449669 

9-88 

2.2905124 

8-67 

2-1482676 

9-01 

21983350 

9-45 

2-2460147 

9-89 

2-2915241 

8-68 

2-1494839 

902 

2-1994443 

9-46 

2-2470728 

9-90 

2-2925347 

8-69 

2-1605987 

908 

2-2006623 

9-47 

2-2481288 

9-91 

2-2635443 

8-60 

2-1517622 

9-04 

2-2016591 

9-48 

2-2491843 

9-92 

2-2945529 

8-61 

21529243 

905 

2-2027647 

9-49 

2-2602386 

9-98 

2-2956604 

8-62 

21640851 

9-06 

2-2038691 

9-50 

2.2512917 

9-94 

2-2966670 

8-63 

21652445 

9-07 

2-2049722 

9-51 

2-2523488 

9-95 

2-2975725 

8-64 

2-1564026 

908 

2-2060741 

9-52 

2-2533948 

9-96 

2-2985770 

8-65 

21575593 

9-09 

2-2071748 

9-58 

2-2544446 

9-97 

2-2995806 

8-66 

2-1587147 

9-10 

2-2082744 

9-64 

2-2654934 

9-98 

2-3005831 

8-67 

2-1598687 

911 

2-2093727 

9-65 

2-2665411 

9-99 

2-8015846 

8-68 

2-1610215 

9-12 

2-2104697 

9-66 

2-2575877 

10-00 

2-8025861 

Logarithms  were  invented  by  Juste  Byrge,  a  Frenchman,  and 
not  by  Napier.  See  "Biographie  Universelle,"  "  The  Calculus  of 
Form,"  article  822,  and  "The  Practical,  Short,  and  Direct  Method 
of  Calculating  the  Logarithm  of  any  given  Number  and  the  Number 
corresponding  to  any  given  Logarithm,"  discovered  by  Oliver  Byrne, 
the  author  of  the  present  work.  Juste  Byrge  also  invented  the 
proportional  compasses,  and  was  a  profound  astronomer  and  ma- 
thematician. The  common  Logarithm  of  a  number  multiplied  by 
2-302585062994  gives  the  hyperbolic  Logarithm  of  that  ijumber. 
The  common  Logarithm  of  2-22  is  -346353  .-.  2-302585  X  -346353 
=  '7975071  the  hyperbolic  Logarithm.  The  application  of  Loga- 
rithms to  the  calculations  of  the  Engineer  will  be  treated  <Jf  here- 
after. 
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COMBINATIONS  OF  ALGEBRAIC   QUANTITIES. 

The  following  practical  examples  will  serve  to  illustrate  the 
method  of  combining  or  representing  numbers  or  quantities  alge- 
braically ;  the  chief  object  of  which  is,  to  help  the  memory  with 
respect  to  the  use  of  the  sign»  and  letters,  or  gymhoU. 

Let  a  —  6,  i  —  4,  <t  —  8,  d  —  2,  e  =-  1,  and/  •=  0. 
Then  wiU,    (1)  2a  +  6  =  12  +  4  »  16. 

(2)  oJ  +  2(j  -  d  -  24  +  6  -  2  -  28. 

(8)  a*-b*  +  e  +/-  86  -  16  +  1+  0  -  21. 

(4)  6»  X  (a  -  6)  =  16  X  (6  -  4)  =  16  X  2  =  32. 

(5)  8ai«j  -  7d«  -  216  -  14  -  202. 

(6)  2  (a  -  6)  (5(j  -  2d)  -  (12  -  8)  x  (15  -  4)  -  44. 

(7)  '^^  X  (a  -  .)  -  1^  X  (6  -  3)  -  4  X  3  -  12. 

(8)  y/  (a»  -  2J')  +  d  -/=  •  (86  -  32)  +  2  -  0  -  4. 

(9)  8ai  -  (a  -  6  -  c  +  d)  =  72  -  1  =  71. 

(10)  8a6  -  (a  -  J  -  c  -  d)  =  72  +  8  =  75. 

y/  2ahe  -/ 144 

(11)  ^^-4d)  X  ('^  +  d)  -  ^  ^24  -  8)  X  (3  +  2)  =  15. 

Ill  solving  the  foUoTving  questions,  the  letters  a,  6,  c?,  &;c.  are 
supposed  to  have  the  same  values  as  before,  namely,  6,  4,  3,  &c. ; 
but  any  other  values  might  have  been  assigned  to  them ;  therefore, 
do  not  suppose  that  a  must  necessarily  be  6,  nor  that  h  must  be  4, 
for  the  letter  a  may  be  put  for  any  known  quantity^  number^  or 
magnitude  whatever  ;  thus  a  may  represent  10  mileB^  or  50  pounds, 
or  any  number  or  quantity^  or  it  may  represent  1  globe^  or  2  cubic 
feet,  &c. ;  the  same  may  be  said  of  6,  or  any  other  letter. 

{l)a  +  b-e^1.  (6)  iy  -  i»)  (c  -  e)  =  160. 

{2)Sbc-d  +  e  =  85.  (7)  fl^'  x  (d»  +  c»)  =  52. 

(3)  2a«  +  c'-d+/-79.     ^^^    '^^2a'+2d')  +  l,c-f^20. 

(4)  X  X  (6  -  «T  +  d)  -  27.      (9)  4«'i  -  (c»-d-e)  =570. 

(5)  5c«d  -  a«  +  4de  -  62.  (10)  ;7(i0d^  - 4c'd)  ^  5"  c*" <>• 


In  the  use  of  algebraic  symbols,  8  -^  4a  —  6  signifies  the  same 
thing  as  8  (4a  —  6)*. 

4  (e  +  d)^  (a  +  5)*,  or  4  x  c  +  d^  x  a  +  6^,  signifies  the 
same  thing  a84\/<?  +  d  --^a  +  J. 
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The  particular  example  which  we  shall  select  is  that  of  an 
engine  having  8  feet  stroke  and  64  inch  cylinder. 

The  breadth  of  the  web  of  the  crank  at  the  paddle  centre  is  the 
breadth  which  the  web  would  have  if  it  were<5ontinued  to  the  paddle 
centre.  Suppose  that  we  wished  to  know  the  breadth  of  the  web  of 
crank  of  an  engine  whose  stroke  is  8  feet  and  diameter  of  cylinder  64 
inches.  The  proper  breadth  of  the  web  of  crank  at  paddle  centre 
would  in  this  case  be  about  18  inches. 

To  find  the  breadth  of  crank  at  paddle  centre. — Multiply  the 
square  of  the  length  of  the  crank  in  inches  by  1*661,  and  then 
multiply  the  square  of  the  diameter  of  cylinder  in  inches  by  '1235 ; 
multiply  the  square  root  of  the  sum  of  these  products  by  the  square 
of  the  diameter  of  the  cylinder  in  inches ;  divide  the  product  by 
45 ;  finally  extract  the  cube  root  of  the  quotient.  The  result  is 
the  breadth  of  the  web  of  crank  at  paddle  centre. 

Thus,  to  apply  this  rule  to  the  particular  example  which  we  have 
selected,  we  have 

48  =  lensth  of  crank  in  inches. 
48  ^ 


2304 

1'561  a=  constant  multiplier. 

3596-5 
505-8  found  below. 

4102-3 

64  =  diameter  of  cylinder. 
64 


4096 

•1235  =  constant  multiplier. 

505-8 


and  %/4102-3  =  64-05  nearly. 

4096  =  square  of  the  diameter  of  the  cylinder. 

45)"262348-5 

5829-97 


and  ^6829-97  =  18  nearly. 

Suppose  that  we  wished  the  proper  thickness  of  the  large  eye  of 
crank  for  an  engine  whose  stroke  is  8  feet  and  diameter  of  cylinder 
64  inches.  The  proper  thickness  for  the  large  eye  of  crank  is 
5-77  inches. 
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Rule. — To  find  the  thickness  of  large  eye  of  crank. — ilultiply  the 
square  of  the  length  of  the  crank  in  inches  by  1*561,  and  then  mul- 
tiply the  square  of  the  diameter  of  the  cylinder  in  inches  by  •1235 ; 
multiply  the  sum  of  these  products  by  the  square  of  the  diameter  of 
the  cylinder  in  inches ;  afterwards,  divide  the  product  by  1828-28 ; 
divide  this  quotient  by  the  length  of  the  crank  in  inches ;  finally 
extract  the  cube  root  of  the  quotient.  The  result  is  the  proper 
thickness  of  the  large  eye  of  crank  in  inches. 

Thus,  to  apply  this  rule  to  the  particular  example  which  we  have 
selected,  we  have 

48  =  length  of  crank  in  inches. 
48 


2304 
1'561  constant  multiplier. 

3596-5 
505-8 

4102-3 

64  =  diameter  of  cylinder  in  inches. 
64 


4096 

•1235  =  constant  multiplier. 

505-8 

4102-3 
4096  =5  square  of  diameter. 

48)  16803020-8 

1828^28)  350062-94 

191-47 


and  ^191-47  ==  6-77  nearly. 

The  proper  thickness  of  the  web  of  crank  at  paddle  shaft  centre 
is  the  thickness  which  the  web  ought  to  have  if  continued  to  centre 
of  the  shaft.  Suppose  that  it  were  required  to  find  the  proper 
thickness  of  web  of  crank  at  shaft  centre  for  an  engine  whose 
stroke  is  8  feet  and  diameter  of  cylinder  64  inches.  The  proper 
thickness  of  the  web  at  shaft  centre  in  this  case  would  be  8*97 
inches. 

Rule. — To  find  the  thickness  of  the  web  of  crank  at  paddle  shaft 
centre. — Multiply  the  square  of  the  length  of  crank  m  inches  by 
1*561,  and  then  multiply  the  square  of  the  diameter  in  inches  by 
1235 ;  multiply  the  square  root  of  the  sum  of  these  products  by  the 
square  of  the  diameter  of  the  cylinder  in  inches ;  divide  this  quotient 
by  360 ;  finally  extract  the  cube  root  of  the  quotient.  The  result  is 
the  thickness  of  the  web  of  crank  at  paddle  shaft  centre  in  inches. 

Thus,  to  apply  the  rule  to  the  particular  example  which  we  have 
selected,  we  have 
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48  as  length  of  crank  in  inches. 
48 


2304 

1'561  =  constant  multiplier. 

8596-5 
505-8 

4102-3 

64  =  diameter  of  cylinder. 
64 


4096 

•1235  =  constant  multiplier. 

506-8 
And  v/  4102-3  =  64-05  nearly. 

4096  =  square  of  diameter. 

360)  262348-5 

728*75 
And  ^  782-76  =  9  nearly. 

Suppose  that  it  were  required  to  find  the  proper  diameter  for 
the  paddle  shaft  journal  of  an  engine  whose  stroke  is  8  feet  and 
diameter  of  cylinder  64  inches.  The  proper  diameter  of  the 
paddle  shaft  journal  in  this  case  is  14*06  inches. 

Rule. — To  find  the  diameter  of  the  paddle  shaft  journal. — Mul- 
tiply the  square  of  the  diameter  of  cylinder  in  inches  by  the  length 
of  the  crank  in  inches ;  extract  the  cube  root  of  the  product ; 
finally  multiply  the  result  by  *242.  The  final  product  is  the  diame- 
ter of  the  paddle  shaft  journal  in  inches. 

Thus,  to  apply  this  rule  to  the  particular  example  which  we  have 
before  selected^  we  have 

64  =  diameter  of  cylinder  in  inches. 
64 

4096 

48  =  length  of  crank  in  inches. 


196608 


and  ^196608  =  58-148 
but  58-148  X  -242  =  14-07  inches. 

Suppose  it  were  required  to  find  the  proper  length  of  the.  paddle 
shaft  journal  for  an  engine  whose  stroke  is  8  feet,  and  diameter  of 
cylinder  64  inches.  The  proper  length  of  the  paddle  shaft  journal 
would  be,  in  this  case,  17*59  inches. 
The  following  rule  serves  for  engines  of  all  sizes : 
Rule. — To  find  the  length  of  the  paddle  shaft  journal. — Multiply 
the  square  of  the  diameter  of  the  cylinder  in  inches  by  the  length 
of  the  crank  in  inches ;  extract  the  cube  root  of  the  quotient ; 
multiply  the  result  by  *303.     The  product  is  the  length  of  the 

h2 
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paddle  shaft  journal  in  inches.     (The  length  of  the  paddle  shaft 
journal  is  1 J  times  the  diameter.) 

To  apply  this  rule  to  the  example  which  we  have  selected,  we  have 

64  =s  diameter  of  cylinder  in  inches. 
64 

4096 

48  ss  length  of  crank  in  inches. 


196608 


and  ^  196608  =  58-148 
.-.  length  of  journal  =  58-148  x  -303  ==  17-60  inches. 

We  shall  now  calculate  the  proper  dimensions  of  some  of  those 
parts  which  do  not  depend  upon  the  length  of  the  stroke.  Suppose 
it  were  required  to  find  the  proper  dimensions  of  the  respective  parts 
of  a  marine  engine  the  diameter  of  whose  cylinder  is  64  inches. 

Diameter  of  crank-pin  journal  =  90-9  inches,  or  about  9  inches. 

Length  of  crank-pin  journal  =  10-18  inches,  or  nearly  lOj 
inches. 

Breadth  of  the  eye  of  cross-head  —  2-64  inches,  or  between  2  J 
and  2f  inches. 

Depth  of  the  eye  of  cross-head  =  18-37  inches,  or  very  nearly 
18^  inches. 

Diameter  of  the  journal  of  cross-head  =  5-5  inches,  or  5J  inches. 

Length  of  journal  of  cross-head  =«  6-19  inches,  or  very  nearly  6i 
inches. 

Thickness  of  the  web  of  cross-head  at  middle  =  4*6  inches,  or 
somewhat  more  than  4}  inches. 

Breadth  of  web  of  cross-head  at  middle  =  17-15  inches,  or 
between  17iV  and  17j  inches. 

Thickness  of  web  of  cross-head  at  journal  ==  3-93  inches,  or 
very  nearly  4  inches. 

Breadth  of  web  of  cross-head  at  journal  =  6-46  inches,  or  nearly 
6|  inches. 

Diameter  of  piston  rod  =*  6-4  inches,  or  6j  inches. 

Length  of  part  of  piston  rod  in  piston  =  12-8  inches,  or  12} 
inches. 

Major  diameter  of  part  of  piston  rod  in  cross-head  »  06*8  inches, 
or  nearly  6^  inches. 

Minor  diameter  of  part  of  piston  rod  in  cross-head  «  5*76  inches, 
or  5f  inches. 

Major  diameter  of  part  of  piston  rod  in  piston  »  8*96  inches, 
or  nearly  9  inches. 

Minor  diameter  of  part  of  piston  rod  in  piston  »  7'36  inches, 
or  between  7^  and  7j^  inches. 

Depth  of  gibs  and  cutter  through  cross-head  «  6*72  inches,  or 
very  nearly  6f  inches. 

Thickness  of  gibs  and  cutter  through  cross-head  «=  1*35  inches, 
or  between  1^  and  1^  inches* 
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Depth  of  cutter  through  piston  =  5*45  inches,  or  nearly  5  J  inches. 

Thickness  of  cutter  through  piston  =*  2-24  inches,  or  nearly  2J 
inches. 

Diameter  of  connecting  rod  at  ends  =  6*08  inches,  or  nearly 
6|V  inches. 

Major  diameter  of  part  of  connecting  rod  in  cross-tail  =*  6*27 
inches,  or  about  6J  inches. 

Minor  diameter  of  part  of  connecting  rod  in  cross-tail  =  5'76 
inches,  or  nearly  6f  inches. 

Breadth  of  butt  =  9*98  inches,  or  very  nearly  10  inches. 

Thickness  of  butt  =  8  inches. 

Mean  thickness  of  strap  at  cutter  =  2*75  inches,  or  2f  inches. 

Mean  thickness  of  strap  above  cutter  ==  2*06  inches,  or  some- 
what more  than  2  inches. 

Distance  of  cutter  from  end  of  strap  =  8*08  inches,  or  very 
nearly  S^  inches. 

Breadth  of  gibs  and  cutter  through  cross-tail  =  6 '73  inches,  or 
very  nearly  6f  inches. 

Breadth  of  gibs  and  cutter  through  butt  —  7*04  inches,  or  some- 
what more  than  7  inches. 

Thickness  of  gibs  and  cutter  through  butt  =  1*84  inches,  or 
between  If  and  2  inches. 

These  results  are  calculated  from  the  following  rules,  which  give 
correct  results  for  all  sizes  of  engines. 

Rule  1.  To  find  the  diameter  of  crank-pin  Journal. — Multiply 
the  diameter  of  the  cylinder  in  inches  by  "142.  The  result  is  the 
diameter  of  crank-pin  journal  in  inches. 

Rule  2.  To  find  the  length  of  crank-pin  Journal, — Multiply  the 
diameter  of  the  cylinder  in  inches  by  '16.  The  product  is  the 
length  of  the  crank-pin  journal  in  inches. 

Rule  3.  To  find  the  breadth  of  the  eye  of  cross-head, — ^Multiply 
the  diameter  of  the  cylinder  in  inches  by  '041.  The  product  is 
the  breadth  of  the  eye  in  inches. 

Rule  4.  To  find  the  depth  of  the  eye  of  cross-head. — Multiply 
the  diameter  of  the  cylinder  in  inches  by  •286.  The  product  is 
the  depth  of  the  eye  of  cross-head  in  inches. 

Rule  5.  To  find  the  diameter  of  the  Journal  of  cross-head, — 
Multiply  the  diameter  of  the  cylinder  in  inches  by  •086.  The  pro- 
duct is  the  diameter  of  the  journal  in  inches. 

Rule  6.  To  find  the  length  of  the  Journal  of  cross-head, — Mul- 
tiply the  diameter  of  the  cylinder  in  inches  by  '097.  The  product 
is  the  length  of  the  journal  in  inches. 

Bulb  7.  To  find  the  thickness  of  the  web  of  cross-head  at  middle. 
— Multiply  the  diameter  of  the  cylinder  in  inches  by  '072.  The 
product  is  the  thickness  of  the  web  of  cross-head  at  middle  in 
inches. 

Rule  8.  To  find  the  breadth  of  web  of  cross-head  at  middle. — 
Multiply,  the  diameter  of  the  cylinder  in  inches  by  '268.  The 
product  is  the  breadth  of  the  web  of  cross-head  at  middle  in  inches. 
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Rule  9.  To  find  the  thicknesa  of  the  web  of  cross-head  at  journal. 
— Multiply  the  diameter  of  the  cylinder  in  inches  by  'Oei.  The 
product  is  the  thickness  of  the  web  of  cross-head  at  journal  in 
inches. 

Rule  10.  To  find  the  breadth  of  web  of  cross-head  at  journal. — 
Multiply  the  diameter  of  the  cylinder  in  inches  by  '101.  The 
product  is  the  breadth  of  the  web  of  cross-head  at  journal  in  inches. 

Rule  11.  To  find  the  diameter  of  the  piston  rod. — Divide  the 
diameter  of  the  cylinder  in  inches  by  10.  The  quotient  is  the 
diameter  of  the  piston  rod  in  inches. 

Rule  12.  To  find  the  length  of  the  part  of  the  piston  rod  in  the 
piston. — Divide  the  diameter  of  the  cylinder  in  inches  by  5.  The 
quotient  is  the  length  of  the  part  of  the  piston  rod  in  the  piston  in 
inches. 

Rule  13.  To  find  the  major  diameter  of  the  part  of  piston  rod  in 
cross-head. — ^Multiply  the  diameter  of  the  cylinder  in  inches  by 
*095.  The  product  is  the  major  diameter  of  the  part  of  piston  rod 
in  cross-head  in  inches. 

Rule  14.  To  find  the  minor  diameter  of  the  part  of  piston  rod  in 
cross-head. — Multiply  the  diameter  of  the  cylinder  in  inches  by  '09. 
The  product  is  the  minor  diameter  of  the  part  of  piston  rod  in 
cross-head  in  inches. 

Rule  15.  To  find  the  major  diameter  of  the  part  of  piston  rod  in 
piston. — Multiply  the  diameter  of  the  cylinder  in  inches  by  '14. 
The  product  is  the  major  diameter  of  the  part  of  piston  rod  in 
piston  in  inches. 

Rule  16.  To  find  the  minor  diameter  of  the  part  of  piston  rod  in 
piston. — Multiply  the  diameter  of  the  cylinder  in  inches  by  '115. 
The  product  is  the  minor  diameter  of  the  part  of  piston  rod  in 
piston. 

Rule  17.  To  find  the  depth  of  gibs  and  cutter  through  cross- 
head. — Multiply  the  diameter  of  the  cylinder  in  inches  by  'lOo. 
The  product  is  the  depth  of  the  gibs  and  cutter  through  cross- 
head.  ' 

Rule  18.  To  find  the  thickness  of  the  gibs  and  cutter  through 
cross-head. — Multiply  the  diameter  of  the  cylinder  in  inches  by 
*021.  The  product  is  the  thickness  of  the  gibs  and  cutter  through 
cross-head. 

Rule  19.  To  find  the  depth  of  cutter  through  piston. — ^Multiply 
the  diameter  of  the  cylinder  in  inches  by  *085.  The  product  is  the 
depth  of  the  cutter  through  piston  in  inches. 

Rule  20.  To  find  the  thickness  of  cutter  through  piston. — Mul- 
tiply the  diameter  of  the  cylinder  in  inches  by  'OSS.  The  product 
is  the  thickness  of  cutter  through  piston  in  inches. 

Rule  21.  To  find  the  diameter  of  connecting  rod  at  ends. — Mul- 
tiply the  diameter  of  the  cylinder  in  inches  by  '095.  The  product 
is  the  diameter  of  the  connecting  rod  at  ends  in  inches. 

Rule  22.  To  find  the  major  diameter  of  the  part  of  connecting 
rod  in  cross-tail. — Multiply  the  diameter  of  the  cylinder  in  inches 
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by  'OOS.  The  product  is  the  major  diameter  of  the  part  of  con- 
necting rod  in  cross-tail. 

Rule  23.  To  find  the  minor  diameter  of  the  part  of  connecting 
rod  in  cross-tail. — Multiply  the  diameter  of  the  cylinder  in  inches 
by  '09.  The  product  is  the  minor  diameter  of  the  part  of  con- 
necting rod  in  cross-tail  in  inches. 

Rule  24.  To  find  the  breadth  of  butt. — Multiply  the  diameter 
of  the  cylinder  in  inches  by  *156.  The  p^duct  is  the  breadth  of 
the  butt  in  inches. 

Rule  25.  To  find  the  thickness  of  the  btttt. — Divide  the  diameter 
of  the  cylinder  in  inches  by  8.  The  quotient  is  the  thickness  of 
the  butt  in  inches. 

Rule  26.  To  find  the  mean  thickness  of  the  strap  at  cutter. — 
Multiply  the  diameter  of  the  cylinder  in  inches  by  '043.  The  pro- 
duct is  the  mean  thickness  of  the  strap  at  cutter. 

Rule  27.  To  find  the  Tnean  thickness  of  the  strap  above  cutter. — 
Multiply  the  diameter  of  the  cylinder  in  inches  by  '032.  The 
product  is  the  mean  thickness  of  the  strap  above  cutter. 

Rule  28.  To  find  the  distance  of  cutter  from  end  of  strap. — 
Multiply  the  diameter  of  the  cylinder  in  inches  by  *048.  The 
product  is  the  distance  of  cutter  from  end  of  strap  in  inches. 

Rule  29.  To  find  the  breadth  of  the  gibs  and  cutter  through 
cross-tail. — Multiply  the  diameter  of  the  cylinder  in  inches  by 
405.  The  product  is  the  breadth  of  the  gibs  and  cutter  through 
cross-tail. 

Rule  30.  To  find  the  breadth  of  the  gibs  and  cutter  through 
hat. — ^Multiply  the  diameter  of  the  cylinder  in  inches  by  '11. 
The  product  is  the  breadth  of  the  gibs  and  cutter  through  butt  in 
inches. 

Rule  31.  To  find  the  thickness  of  the  gibs  and  cutter  through 
hat. — Multiply  the  diameter  of  the  cylinder  in  inches  by  '029. 
The  product  is  the  thickness  of  the  gibs  and  cutter  through  butt 
in  inches. 

To  find  other  parts  of  the  engine  which  do  not  depend  upon  the 
stroke.  Suppose  it  were  required  to  find  the  thickness  of  the  small 
eye  of  crank  for  an  engine  the  diameter  of  whose  cylinder  is  64 
inches.  According  to  the  rule,  the  proper  thickness  of  the  small 
eye  of  crank  is  4*04  inches.  Again,  suppose  it  were  required  to 
find  the  length  of  the  small  eye  of  crank.  Hence,  according  to 
the  rule,  the  proper  length  of  the  small  eye  of  crank  is  11*94  inches. 
Again,  supposing  it  were  required  to  find  the  proper  thickness  of  the 
web  of  crank  at  pin  centre ;  that  is  to  say,  the  thickness  which  it 
would  have  if  continued  to  the  pin  centre.  According  to  the  rule, 
the  proper  thickness  for  the  web  of  crank  at  pin  centre  is  7*04  inches. 
Again,  suppose  it  were  required  to  find  the  breadth  of  the  web  of 
crank  at  pin  centre ;  that  is  to  say,  the  breadth  which  it  would 
have  if  it  were  continued  to  the  pin  centre.  Hence,  according  to 
the  rule,  the  proper  breadth  of  the  web  of  crank  at  pin  centre  is 
10-24  inches. 
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These  results  are  calculated  from  the  following  rules,  which  give 
the  proper  dimensions  for  engines  of  all  sizes : 

Rule  1.  To  find  the  breadth  of  the  9mall  eye  of  crank. — Multiply 
the  diameter  of  the  cylinder  in  inches  by  '063.  The  product  is 
the  proper  breadth  of  the  small  eye  of  crank  in  inches. 

Rule  2.  To  find  the  length  of  the  small  eye  of  crank. — Multiply 
the  diameter  of  the  cylinder  in  inches  by  '187.  The  product  is 
the  proper  length  of  th«  small  eye  of  crank  in  inches. 

Rule  3.  To  find  the  thickness  of  the  web  of  crank  at  pin  centre. — 
Multiply  the  diameter  of  the  cylinder  in  inches  by  'll.  The  pro- 
duct is  the  proper  thickness  of  the  web  of  crank  at  pin  centre  in 
inches. 

Rule  4.  To  find  the  breadth  of  the  weh  of  crank  at  pin  centre. — 
Multiply  the  diameter  of  the  cylinder  in  inches  by  '16.  The  pro- 
duct is  the  proper  breadth  of  crank  at  pin  centre  in  inches. 

To  illustrate  the  use  of  the  succeeding  rules,  let  us  tiJce  the  par- 
ticular example  of  an  engine  of  8  feet  stroke  and  64-inch  cylinder, 
and  let  us  suppose  that  the  length  of  the  connecting  rod  is  12 
feet,  and  the  side  rod  10  feet.  We  find  by  a  previous  rule  that 
the  diameter  of  the  connecting  rod  at  ends  is  6*08,  and  the  ratio 
between  the  diameters  at  middle  and  ends  of  a  connecting  rod, 
whose  length  is  12  feet,  is  1-604.  Hence,  the  proper  diameter  at 
middle  of  the  connecting  rod  =  6'08  x  1*504  inches  =  9'144 
inches.  And  again,  we  find  the  diameter  of  cylinder  side  rods  at 
ends,  for  the  particular  engine  which  we  have  selected,  is  4-10,  and 
the  ratio  between  the  diameters  at  middle  and  ends  of  cylinder 
side  rods,  whose  lengths  are  10  feet,  is  1-42.  Hence,  according  to 
the  rules,  the  proper  diameter  of  the  cylinder  side  rods  at  middle 
is  equal  to  4-1  x  1-42  inches  =  5-82  inches. 

To  find  some  of  those  parts  of  the  engine  which  do  not  depend 
upon  the  stroke.  Suppose  we  take  the  particular  example  of  an 
engine  the  diameter  of  whose  cylinder  is  64  inches.  We  find  from 
the  following  rules  that 

Diameter  of  cylinder  side  rods  at  ends  =  4'1  inches,  or  4^^ 
inches. 

Breadth  of  butt  =  4-93  inches,  or  very  nearly  6  inches. 

Thickness  of  butt  =  3*9  inches,  or  Z^  inches. 

Mean  thickness  of  strap  at  cutter  =%  2*06  inches,  or  a  little  more 
than  2  inches. 

Mean  thickness  of  strap  below  cutter  =  1*47  inches,  or  very 
nearly  IJ  inches. 

Depths  of  gibs  and  cutter  —  5-12  inches,  or  a  little  more  than 
5^  inches. 

Thickness  of  gibs  and  cutter  =  1-03  inches,  or  a  little  more  than 
1  inch. 

Diameter  of  main  centre  journal  =  11-71  inches,  or  very  nearly 
llf  inches. 

Length  of  main  centre  journal  =  17-6  inches,  or  17f  inches. 
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Depth  of  eye  round  end  studs  of  lever  =  4*75  inches,  or  4f  inches. 

Thickness  of  eye  round  end  studs  of  lever  =  8*33  inches,  or  3J 
inches. 

Diameter  of  end  studs  of  lever  «  4*48  inches,  or  very  nearly  4J 
inches. 

Length  of  end  studs  of  lever  =*=  4 '86  inches,  or  between  4|  and 
5  inches. 

Diameter  of  air-pump  studs  =  2'91  inches,  or  nearly  3  inches. 

Length  of  air-pump  studs  =  3*16  inches,  or  nesurly  3j  inches. 

These  results  were  obtained  from  the  following  rules,  which  will 
be  found  to  give  the  proper  dimensions  for  all  sizes  of  engines. 

RiTLB  1.  To  find  the  diameter  of  cylinder  Me  rods  at  ends. — 
Multiply  the  diameter  of  the  cylinder  in  inches  by  '066.  The 
product  is  the  diameter  of  the  cylinder  side  rods  at  ends  in  inches. 

Rule  2.  To  find  the  breadth  of  butt  in  inches. — Multiply  the 
diameter  of  the  cylinder  in  inches  by  *077.  The  product  is  the 
breadth  of  the  butt  in  inches. 

Rule  3.  To  find  the  thickness  of  the  butt. — Multiply  the  diameter 
of  the  cylinder  in  inches  by  'Oei.  The  product  is  the  thickness  of 
the  batt  in  inches. 

Rule  4.  To  find  the  mean  thickness  of  strap  at  cutter. — Mul-* 
tiply  the  diameter  of  the  cylinder  in  inches  by  '032.  The  product 
is  the  mean  thiokness  of  the  strap  at  cutter. 

Rule  5.  To  find  the  mean  thickness  of  strap  below  cutter. — Mul- 
tiply the  diameter  of  the  cylinder  in  inches  by  '023.  The  product 
is  the  mean  thickness  of  strap  below  cutter  in  inches. 

Rule  6.  To  find  the  depth  of  gibs  and  cutter. — Multiply  the 
diameter  of  the  cylinder  in  inches  by  '08.  The  product  is  the 
depth  of  the  gibs  and  cutter  in  inches. 

Rule  7.  To  find  the  thickness  of  gibs  and  cutter. — Multiply  the 
diameter  of  the  cylinder  in  inches  by  -016.  The  product  is  th^ 
thickness  of  gibs  and  cutter  in  inches. 

Rule  8.  To  find  the  diameter  of  the  main  centre  journal. — Mul- 
tiply the  diameter  of  the  cylinder  in  inches  by  '183.  The  product 
is  the  diameter  of  the  main  centre  journal  in  inches. 

Rule  9.  To  find  the  length  of  the  main  centre  journal. — Multiply 
the  diameter  of  the  cylinder  in  inches  by  '276.  The  product  is 
the  diameter  of  the  cylinder  in  inches. 

Rule  10.  To  find  the  depth  of  eye  round  end  studs  of  lever. — 
Multiply  the  diameter  of  the  cylinder  in  inches  by  '074.  The  pro- 
duct is  the  depth  of  the  eye  round  end  studs  of  lever  in  inches. 

Rule  11.  To  find  the  thickness  of  eye  round  end  studs  of  lever. 
—Multiply  the  diameter  of  the  cylinder  in  inches  by  -062.  The 
product  is  the  thickness  of  eye  round  end  studs  of  lever  in  inches. 

Rule  12.  To  find  the  diameter  of  the  end  studs  of  lever. — Mul- 
tiply the  diameter  of  the  cylinder  in  inches  by  '07.  The  product 
is  the  diameter  of  the  end  studs  of  lever  in  inches. 

Rule  13.  To  find  the  length  of  the  end  studs  of  fever.— Multiply 
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the  diameter  of  the  cylinder  in  inches  by  '076.  The  product  is  the 
length  of  the  end  studs  of  lever  in  inches. 

Rule  14.  To  find  the  diameter  of  the  air-pump  studs, — ^Multiply 
the  diameter  of  the  cylinder  in  inches  by  '045.  The  product  is 
the  diameter  of  the  air-pump  studs  in  inches. 

Rule  16.  To  find  the  length  of  the  air-pump  studs. — Multiply 
the  diameter  of  the  cylinder  in  inches  by  '049.  The  product  is  the 
length  of  the  air-pump  studs  in  inches. 

The  next  rule  gives  the  proper  depth  in  inches  across  the  centre 
of  the  side  lever,  when,  as  is  generally  the  case,  the  side  lever  is 
of  cast  iron.  It  will  be  observed  that  the  depth  is  made  to  depend 
upon  the  diameter  of  the  cylinder  and  the  length  of  the  lever,  and 
not  at  all  upon  the  length  of  the  stroke,  except  indeed  in  so  far  as 
the  length  of  the  lever  may  depend  upon  the  length  of  the  stroke. 
Suppose  it  were  required  to  find  the  proper  depth  across  the  centre 
of  a  side  lever  whose  length  is  20  feet,  and  the  diameter  of  the 
cylinder  64  inches.  According  to  the  rule,  the  proper  depth 
across  the  centre  would  be  89*26  inches. 

The  following  rule  will  give  the  proper  dimensions  for  any  size 
of  engine : 

Rule. — To  find  the  depth  across  the  centre  of  the  side  lever. — 
Multiply  the  length  of  the  side  lever  in  feet  by  -7423 ;  extract  the 
cube  root  of  the  product,  and  reserve  the  result  for  a  multiplier. 
Then  square  the  diameter  of  the  cylinder  in  inches ;  extract  the 
cube  root  of  the  result.  The  product  of  the  final  result  and  the 
reserved  multiplier  is  the  depth  of  the  side  lever  in  inches  across 
the  centre. 

Thus,  to  apply  this  rule  to  the  particular  example  which  we  have 
selected,  we  nave 

20  =  length  of  side  lever  in  feet. 
*7423  =  constant  multiplier. 

14-846        

and  ^  14-846  ==  2-458  nearly. 

64  a=  diameter  of  cylinder  in  inches. 
64 


4096 


and  ^  4096  =  16 

Hence  depth  at  centre  =  16  x  2-458  inches  =  89-33  inches,  or 
between  39|  and  39|  inches. 


The  next  set  of  rules  give  the  dimensions  of  several  of  the  parts 
of  the  air-pump  machinery  which  depend  upon  the  diameter  of  the 
cylinder  only.  To  illustrate  the  use  of  these  rules,  let  us  take  the 
particular  example  of  an  engine  the  diameter  of  whose  cylinder  is 
64  inches.     We  find  from  the  succeeding  rules  successively, 

Diameter  of  air-pump  =  88-4  inches,  or  38f  inches. 
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Thickness  of  the  eye  of  air-pump  cross-head  «  1*58  inches,  or 
a  little  more  than  1|  inches.  ^ 

Depth  of  eye  of  air-pump  cross-head  »  U'Ol,  or  about  11  inches. 
Diameter  of  end  journals  of  air-pump  cross-head  »  8*29  inches, 
or  somewhat  more  than  8^  inchds. 

Length  of  end  journals  of  air-pump  ccoss-head  »  3*7  inches,  or 
3^  inches. 

Thickness  of  the  web  of  air-pump  cross-head  at  middle  »  2*76 
inches,  or  a  little  more  than  2|  inches. 

Depth  of  web  of  air-pump  cross-head  at  middle  »  10*29  inches, 
or  somewhat  more  than  10^  inches. 

Thickness  of  web  of  air-pump  cross-head  at  journal  «■  2*85 
inches,  or  about  2  j  inches. 

Depth  of  web  of  air-pump  cross-head  at  journal  »  $-89  inches, 
or  about  3{  inches. 

Diameter  of  air-pump  piston  rod  when  made  of  copper  ^  4*27 
inches,  or  about  4|  inches. 

Depth  of  gibs  and  cutter  through  air-pump  cross-head  »  4*04 
inches,  or  a  little  more  than  4  inches. 

Thickness  of  gibs  and  cutter  through  air-pump  cross-head  »  '81 
inches,  or  about  |  inch. 

Depth  of  cutter  through  piston  »  3*27  inches,  or  somewhat 
more  than  3^  inches. 

Thickness  of  cutter  through  piston  »  1*34  inches,  or  about  1| 
inches. 

These  results  were  obtained  from  the  following  rules,  and  gire 
the  proper  dimensions  for  all  sizes  of  engines : 

fiuLE  1.  To  find  the  diameter  of  the  air-pump. — Multiply  the. 
diameter  of  the  cylinder  in  inches  by  '6.  The  product  is  the 
diameter  of  air-pump  in  inches. 

fiULB  2.  To  find  the  thickness  of  the  eye  of  air-pump  cross-head. 
—Multiply  the  diameter  of  the  cylinder  in  inches  by  '025.  The 
product  is  the  thickness  of  the  eye  of  air-pump  cross-head  in  inches. 
RuLB  8.  To  find  the  depth  of  eye  of  air-pump  cross-head. — ^Mul- 
tiply the  diameter  of  the  cylinder  in  inches  by  *171.  The  product 
is  the  depth  of  the  eye  of  air-pump  cross-head  in  inches. 

RuLB  4.  To  find  the  diameter  of  the  journals  of  air-pump  cross- 
head. — ^&Iultiply  the  diameter  of  the  cylinder  in  inches  bv  'OSl. 
The  product  is  the  diameter  of  the  end  journals. 

Rule  6.  To  find  the  length  of  the  end  journals  for  air-pump 
cross-head. — ^Multiply  the  diameter  of  the  cylinder  in  inches  by 
*058.  The  product  is  the  length  of  the  air-pump  cross-head  jour- 
nals in  inches. 

Rule  6.  To  find  the  thickness  of  the  web  of  air-pump  cross-head 
at  middle. — Multiply  the  diameter  of  the  cylinder  in  inches  by  *048. 
The  product  is  the  thickness  at  middle  of  the  web  of  air-pump 
cross-head  in  inches. 

Rule  7.   To  find  the  depth  at  middle  of  the  web  of  air-pump  cross- 
head. — Multiply  the  diameter  of  the  cylinder  in  inches  by  *161. 
N  10 
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The  product  is  the  depth  at  middle  of  air-pump  cross-head  id 
inches. 

Rule  8.  To  find  th9  thiekness  of  the  web  of  air-pump  erois- 
head  at  journals. — Multiply  the  diameter  of  the  cylinder  in  inches 
by  -037.  The  product  is  the  thickness  of  the  web  of  air-pump 
cross-head  at  journals  in  inches. 

Rule  9.  To  find  the  depth  of  the  air-pump  cross-head  teeh  at 
journals, — ^Multiply  the  diameter  of  the  cylinder  in  inches  by  '061. 
The  product  is  the  depth  at  journals  of  the  web  of  air-pump  cross- 
head. 

Rule  10.  To  find  the  diameter  of  the  air-pump  piston  rod  when 
of  copper. — ^Multiply  the  diameter  of  the  cylinder  in  inches  by 
*067.  The  product  is  the  diameter  of  Ae  air-pump  piston  ro4 
when  of  copper,  in  inches. 

Rule  11.  To  find  the  depth  of  gibs  and  cutter  through  air-pump 
cross-head. — ^Multiply  the  diameter  of  the  cylinder  in  inches  by 
*068.  The  product  is  the  depth  of  the  gibs  and  cutter  through  air- 
pump  cross-head  kt  inches. 

Rule  12.  To  find  the  thickness  of  the  gibs  and  cutter  through 
air-pump  cross-head. — Multiply  the  diameter  of  the  cylinder  in 
inches  by  '013.  The  product  is  the  thickness  of  the  gibs  and 
cutter  in  inches. 

Rule  18.  To  find  the  depth  of  cutter  through  piston. — Multiply 
the  diameter  of  the  cylinder  in  inches  by  -051.  The  product  is  the 
depth  of  the  cutter  through  piston  in  inches. 

Rule  14.  To  find  the  thickness  qf  cutter  through  air-pump 
piston. — Multiply  the  diameter  of  the  cylinder  in  inches  by  '02L 
The  product  is  the  thickness  of  the  cutter  through  air-pump  piston. 


The  next  seven  rules  give  the  dimensions  of  the  remaining  parts 
of  the  engine  which  do  not  depend  upon  the  stroke.  To  exemplify 
their  use,  suppose  it  were  required  to  find  the  corresponding  dimen- 
sions  for  an  engine  the  diameter  of  whose  cylinder  is  64  inches. 
According  to  the  rule,  the  proper  diameter  of  the  air-pump  side 
rod  would  be  2*48  inches.  Hence,  according  to  the  rule,  the 
proper  breadth  of  butt  is  2*95  mches.  According  to  the  rule,  the 
proper  thickness  of  butt  is  2*35  inches.  According  to  the  rule, 
the  mcfan  thickness  of  strap  at  cutter  ought  to  be  1*24  inches. 
Hence,  according  to  the  rule,  the  mean  thickness  of  strap  below 
cutter  is  *91  inch.  According  to  the  rule,  the  proper  depth  for 
the  gibs  and  cutter  is  2*94  inches.  According  to  the  rule,  the 
proper  thickness  of  the  gibs  and  cutter  is  *63  inches. 

The  following  rules  give  the  correct  dimensions  for  all  sizes  of 
engines : 

Rule  1.  To  find  the  diameter  of  air-pump  side  rod  at  ends. — 
Multiply  the  diameter  of  the  cylinder  in  inches  by  '039.  The 
product  is  the  diameter  of  the  air-pump  side  rod  at  ends  in  inches. 

Rule  2.  To  find  the  breadth  of  butt  for  air-pump! — Multiply  the 
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diameter  of  the  cylinder  in  inches  by  •046.  The  product  is  the 
breadth  of  butt  in  inches. 

RuLB  8.  To  find  the  thickness  of  butt  for  air-pump. — Multiply 
the  diameter  of  the  cylinder  in  inches  by  '037.  The  product  is 
the  thickness  of  butt  for  air-pump  in  inches. 

RiJLB  4.  To  find  the  mean  thickness  of  strap  at  cutter. — Multiply 
the  diameter  of  the  cylinder  in  inches  by  '019.  The  product  is 
the  mean  thickness  of  strap  at  cutter  for  air-pump  in  inches. 

RuLB  6.  To  find  the  mean  thickness  of  strap  below  cutter. — Mul- 
tiply the  diameter  of  the  cylinder  in  inches  by  0*14.  The  product 
is  the  mean  thickness  of  strap  below  cutter  in  inches. 

RuLB  6.  To  find  the  depth  of  gibs  and  cutter  for  air-pump. — 
Multiply  the  diameter  of  the  cylinder  in  inches  by  0*48.  The 
product  is  the  depth  of  gibs  and  cutter  for  air-pump  in  inches. 

RuLB  7.  To  find  the  thickness  of  gibs  and  cutter  for  air-pump. — 
Divide  the  diameter  of  the  cylinder  in  inches  by  100.  The 
quotient  is  the  proper  thickness  of  the  gibs  and  cutter  for  air-pump 
in  inches. 

With  regard  to  other  dimensions  made  to  depend  upon  the 
nominal  horse  power  of  the  engine : — Suppose  that  we  take  the 
particular  example  of  an  engine  whose  stroke  is  8  feet,  and  dia- 
meter of  cylinder  64  inches.  We  find  that  the  nominal  horse 
power  of  this  engine  is  nearly  175.     Hence  we  have  successively, 

Diameter  of  valve  shaft  at  journal  in  inches  »  4*85,  or  between 
H  and  5  inches. 

Diameter  of  parallel  motion  shaft  at  journal  in  inches  ««  8*91,  or 
very  nearly  4  inches. 

Diameter  of  valve  rod  in  inches  =  2*44,  or  about  2f  inches. 

Diameter  of  radius  rod  at  smallest  part  in  inches  »  1*97,  or 
very  nearly  2  inches. 

Area  of  eccentric  rod,  at  smallest  part,  in  square  inches  ^  8*87, 
or  about  8f  square  inches. 

Sectioned  area  of  eccentric  hoop  in  square  inches  «  8*75,  or  8f 
square  inches. 

Diameter  of  eccentric  pin  in  inches  »  2-24,  or  2^  inches. 

Breadth  of  valve  lever  for  eccentric  pin  at  eye  in  inches  =  6*7, 
or  very  nearly  6|  inches. 

Thickness  o^  valve  lever  for  eccentric  pin  at  eye  in  inches  »  8. 

Breadth  of  parallel  motion  crank  at  eye  »  4'2  inches,  or  very 
nearly  4}  inches. 

Thic&ness  of  parallel  motion  crank  at  eye  »  1*76  inches,  or 
about  If  inches. 

To  find  the  area  in  square  inches  of  each  steam  pert.  Suppose 
it  were  reauired  to  find  the  area  of  each  steam  port  for  an  engine 
whose  stroke  is  8  feet,  and  diameter  of  cylinder  64  inches.  Accord- 
ing to  the  rule,  the  area  of  each  steam  port  would  be  202*26  square 
inches. 

With  regard  to  the  rule,  we  may  remark  that  the  area  of  the 
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tieam  port  ought  to  depend  principally  upon  the  cnbical  content  of 
the  cylinder,  which  again  depends  entirely  upon  the  product  of  the 
square  of  the  diameter  of  the  cylinder  and  the  length  of  the  stroke 
of  the  engine.  It  is  well  known,  however,  that  the  quantity  of 
steam  admitted  by  a  small  hole  does  not  bear  so  great  a  proportioD 
to  the  quantity  admitted  by  a  larger  one,  as  the  area  of  the  one  does 
to  the  area  of  the  other ;  and  a  certain  allowance  ought  to  be  made 
for  this.  In  the  absence  of  correct  theoretical  information  on  this 
point,  we  have  attempted  to  make  a  proper  allowance  by  supplying 
a  constant ;  but  of  course  this  plan  ought  only  to  be  regarded  as 
an  approximation.     Our  rule  is  as  follows : 

RuLB. — To  find  the  area  of  each  eteam  port. — Multiply  the 
square  of  the  diameter  of  the  cylinder  in  inches  by  the  length  of 
the  stroke  in  feet ;  multiply  this  product  by  11 ;  divide  the  last 
product  by  1800 ;  and,  finally,  to  the  quotient  add  8.  The  result 
is  the  area  of  each  steam  port  in  square  inches. 

To  show  the  use  of  this  rule,  we  shall  apply  it  to  a  particular 
example.  We  shaU  apply  it  to  an  enjgine  whose  stroke  is  6  feet, 
and  diameter  of  cylinder  80  inches.  Then,  according  to  the  rule, 
we  have 

SO  »  diameter  of  the  cylinder  in  inches. 
_30 

900  =s  square  of  diameter. 
6  =»  length  of  stroke  in  feet. 

6400 
11 


69400  + 1800  «  83 

jB  ar  constant  to  be  added. 

41  «  area  of  steam  port  in  square  inches. 

When  the  length  of  the  opening  of  steam  port  is  from  any  cir- 
cumstance found,  the  corresponding  depth  in  mches  may  be  found, 
by  dividing  the  number  corresponding  to  the  particular  engine,  by 
the  given  length  in  inches :  conversely,  the  length  may  be  found^ 
when  for  some  reason  or  other  the  depth  is  fixed,  by  dividing  the 
number  corresponding  to  the  particular  engine,  by  the  given  depth 
in  inches :  the  quotient  is  the  Ungth  in  inches. 

The  next  rule  is  useful  for  determining  the  diameter  of  the  steam 
pipe  branching  off  to  any  particular  engine.  Suppose  it  were 
required  to  find  the  diameter  of  the  branch  steam  pipe  for  an 
engine  whose  stroke  is  8  feet,  and  diameter  of  cylinder  64  inches. 
According  to  the  rule,  the  proper  diameter  of  the  steam  pipe 
would  be  18*16  inches. 

The  following  rule  will  h^  found  to  give  the  proper  diameter  of 
steam  pipe  for  all  sizes  of  engines. 

Rule. — To  find  the  diameter  of  branch  steam  pipe. — Multiply 
together  the  square  of  the  diameter  of  the  cylinder  in  inches,  the 
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length  of  tbe  stroke  in  feet^  and  *00498;  to  the  product  add  10*2, 
ftnd  extract  the  square  root  of  the  som.  The  result  is  the  diameter 
of  the  steam  pipe  in  inches.  - 

To  exemplify  the  use  of  this  rule  we  shall  take  an  engine  whose 
stroke  is  8  feet,  and  diameter  of  cylinder  64#inches.  In  this  case 
we  have  as  follows : — 

64  as  diameter  of  cylinder  in  inches. 
64 


4096  »  square  of  diameter. 
8  »  length  of  stroke  in  feet. 

82768 

•00498  —  constant  multipliw. 

168-18 
10-2  a  oonstant  to  be  added. 

178-88 
and  •  178-88 -18-16. 

To  find  the  diameter  of  the  pipes  connected  with  the  engine. 
They  are  made  to  depend  upon  the  nominal  horse  power  of  the 
engine.  Suppose  it  were  required  to  apply  thb  rule  to  determine 
the  size  of  the  pipes  for  two  marine  engines,  whose  strokes  are 
each  8  feet,  and  diameters  of  cylinder  each  64  inches.  We  find 
the  nominal  horse  power  of  each  of  these  engines  to  be  174*3. 
Hoice,  according  to  the  rules,  we  have  in  succession, 

Diameter  of  waste  water  pipe  —  15-87  inches,  or  between  15f 

and  16  inches. 
Area  of  foot-yalve  passage  «  828  square  inches. 
Area  of  injection  pipe  «  14*88  square  inches. 
K  the  injection  pipe  be  cylindrical,  then  by  referring  to  the 
table  of  areas  of  circles,  we  see  that  its  diameter  would  be  about 
4}  inches. 

Diameter  of  feed  pipe  —  4-12  inches,  or  between  4  jind  4 J 

inches. 
Diameter  of  waste  steam  pipe  »  12-17  inches,  or  nearly  12^ 

inches. 
Diameter  of  safety  yalve, 

When  one  is  used  ssl4*05  inches. 
When  two  are  used  »  9-94  inches. 
When  three  are  used  »  8-12  inches. 
When  four  are  used  «  7*04  inches. 

These  results  were  obtained  from  the  following  rules,  which  will 
give  the  correct  dimensions  for  all  sizes  of  engines. 

Bulb  1.  To  find  the  diameter  of-tposte  water  pipe. — Multiply 
the  square  root  of  the  nominal  horse  power  of  the  engine  by  1*2. 
The  product  is  the  diameter  of  the  waste  water  pipe  in  inches. 

Bulb  2.  To  find  the  area  of  foot-valve  passage. — Multiply  the 
x2 
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nominal  horse  power  of  tlie  engine  by  9 ;  diyide  the  prodact  by  5 ; 
add  8  to  the  quotient.  The  sum  is  the  area  of  foot-yalve  passage 
in  square  inches. 

Bulb  8.  To  find  the  area  of  injection  pipe. — Multiply  the  nomi- 
nal horse  power  of  the  engine  by  •06j9 ;  to  the  product  add  2*81. 
The  sum  is  the  area  of  the  injection  pipe  in  square  inches. 

Rule  4.  To  find  the  diameter  of  feed  pipe. — Multiply  the  nomi- 
nal horse  power  of  the  engine  by  '04 ;  to  the  product  add  8 ;  extract 
the  square  root  of  the  sum.  The  result  is  the  diameter  of  the  feed 
pipe  in  inches. 

RuLR  5.  To  find  the  diameter  of  tPOBte  ateam  pipe. — Multiply 
the  collective  nominal  horse  power  of  the  engines  by  *875 ;  to  the, 
product  add  16*875 ;  extract  the  square  root  of  the  sum.  The 
final  result  is  the  diameter  of  the  waste  steam  pipe  in  inches. 

Rule  6.  To  find  the  diameter  of  the  safety  pcUve  when  only  one 
18  U9ed. — To  one-half  the  oolleotive  nominal  horse  power  of  the 
engines  add  22-5 ;  extract  the  square  root  of  the  sum.  The  result 
is  the  diameter  of  the  safety  valve  when  onlv  one  is  used. 

Rule  7.  To  find  the  diameter  of  the  safety  valve  when  two  are 
need. — Multiply  the  collective  nominal  horse  power  of  the  engines 
by  *25  ;  to  the  product  add  11*25 ;  extract  the  square  root  of  the 
^um.  The  result  is  the  diameter  of  the  safety  valve  when  two 
are  used. 

Rule  8.  To  find  the  diameter  of  the  safety  wzlve  when  three  are 
used. — To  one-sixth  of  the  collective  nominal  horse  power  of  the 
engines  add  7*5 ;  extract  the  square  root  of  the  sum.  The  result 
is  the  diameter  of  the  safety  valve  where  three  are  used. 

Rule  9.  To  find  the  diameter  of  the  safety  valve  when  four  are 
used, — Multiply  the  collective  nominal  horse  power  of  the  engines 
by  *125  ;  to  the  product  add  5*625 ;  extract  the  square  root  of  the 
sum.  The  result  is  the  diameter  of  the  safety  valve  when  four 
are  used. 

Another  rule  for  safety  valves,  and  a  preferable  one  for  low 

Eressures,  is  to  allow  *8  of  a  circular  inch  of  area  per  nominal 
orse  power. 

The  next  rule  is  for  determining  the  depth  across  the  web  of  the 
main  beam  of  a  land  engine.  Suppose  we  wished  to  find  the  proper 
depth  at  the  centre  of  the  main  beam  of  a  land  engine  whose  main 
beam  is  16  feet  long,  and  diameter  of  cylinder  64  inches.  Accord- 
ing to  the  rule,  the  proper  depth  of  the  web  across  the  centre  is 
46*17  inches.  This  rule  gives  correct  dimensions  for  all  sizes  of 
engines. 

Rule. — To  find  the  depth  of  the  web  at  the  centre  of  the  main 
beam  of  a  land  engine. — ^Multiply  together  the  square  of  the  di- 
ameter of  the  cylinder  in  inches,  half  the  length  of  the  main  beam 
in  feet,  and  the  number  8 ;  extract  the  cube  root  of  the  product. 
The  result  is  the  proper  depth  of  the  web  of  the  main  beam  across 
the  centre  in  inches,  when  the  main  beam  is  constructed  of  cast 
iron. 
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To  illustrftte  this  rule  we  ^hall  take  the  particular  example  of  an 
engine  whose  main  beam  is  20  feet  long,  and  the  diameter  of  the 
cylinder  64  inches.    In  this  case  we  have     '* 

64  —  diametel'  of  cylinder  in  inches. 
64 


4096  =  Bqoare  of  the  diameter. 
10  —  }  length  of  main  beam  in  feeV 

40960 

8  >i  constant  multiplier. 

122880 
0 
16 

0 
4 

122880(49-714-^122880 
64 

4 

4 

8 

4 

16 
82 

4800 
1161 

58880    . 
58649 

5281 
6112 

120 
9 

6961 
1242 

119 
74 

129 
9 

7208 
19 

85 

188 
9 

780 
10 

147  741 

To  find  the  depth  of  the  main  beam  across  the  ends.  Suppose 
it  were  required  to  find  the  depth  at  ends  of  a  cast-iron  main  beam 
whose  length  is  20  feet,  when  the  diameter  of  the  cylinder  is  64 
inches.    The  proper  depth  will  be  19*89  inches. 

The  following  rule  gires  the  proper  dimensions  for  all  sizes  of 
engines. 

Rule. — To  find  the  depth  of  main  beam  at  ends. — ^Multiply  to- 
gether the  square  of  the  diameter  of  the  cylinder  in  inches,  half 
the  length  of  the  main  beam  in  feet,  and  the  number  *192 ;  extract 
the  cube  root  of  the  product.  The  result  is  the  depth  in  inches  of 
the  main  beam  at  ends,  when  of  cast  iron. 

To  illustrate  this  rule,  let  us  apply  it  to  the  particular  example 
of  an  engine  whose  main  beam  is  20  feet  long,  and  the  diameter 
of  the  cylinder  64  inches.    In  this  case  we  have  as  follows : 

64  »  diameter  of  cylinder  in  inches. 
64 

4096  B  square  of  diameter  of  cylinder. 
10  =  j^  length  of  main  beam  in  feet. 


40960 
•192  as  constant  multiplier. 

7864-82 


t 
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^7864-82 


1 


0 

1 

1 
1 

0 
1 

1 
2 

7864-82(19-89 

6864 
6869 

2 
1 

800 
851 

1005 
898 

80 
9 

661 
482 

107 

89 
_9 

48 
9 

1088 
4 

112 
4 

, 

67  116 

80  that,  according  to  the  role,  the  depth  at  ends  is  nearly  20  inches. 
To  &id  the  dimensions  of  the  feed-pomp  in  cabic  inches.  Sup- 
pose we  take  the  particular  example  of  an  engine  whose  stroke  is 
§  feet,  and  diameter  of  cylinder  64  inches.  The  proper  content  of 
the  feed-pump  would  be  1093*36  cubic  inches.  Suppose,  now, 
that  the  cold-water  pump  was  suspended  from  the  main  beam  at  a 
fourth  of  the  distance  between  the  centre  and  the  end,  so  that  its 
stroke  would  be  2  feet,  or  24  inches.  In  this  case  the  area  of  the 
pump  would  be  equal  to  1093-36  -4-  24  «  45*556  square  inches ; 
so  that  we  conclude  that  the  diameter  is  between  ^i  and  7f  inches. 
Conversely,  suppose  that  it  was  wished  to  find  the  stroke  of  the 
pump  when  the  diameter  was  5  inches.  We  find  the  area  of  the 
pump  to  be  19*635  square  inches ;  so  that  the  stroke  of  the  feed- 
pump must  be  equal  to  1093*36  -»- 19-635  «  55*69  inches,  or  very 
nearly  55f  inches. 

This  rule  will  be  found  to  give  correct  dimensions  for  all  siies 
of  engines : 

RuLB. — To  find  the  content  of  the  feed-pump. — Multiply  the 
square  of  the  diameter  of  the  cylinder  in  inches  by  the  length  of 
the  stroke  in  feet ;  divide  the  product  by  80.  The  quotient  is  the 
content  of  the  feed-pump  in  cubic  inches. 

Thus,  for  an  engine  whose  stroke  is  6  feet,  and  diameter  of  cylin- 
der 50  inches,  we  have, 

50  —  diameter  of  cylinder. 
60 

2500  =B  square  of  the  diameter  of  the  cylinder. 
6  —  length  of  stroke  in  feet. 


30)15000 

600  ™  content  of  feed-pump  in  cubic  inches. 
To  determine  the  content  of  the  cold-water  pump  in  cubic  feet 
To  illustrate  this,  suppose  we  take  the  particular  example  of  an  en- 
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nne  whose  stroke  is  8  feet,  and  diameter  of  cylinder  64  inches, 
suppose,  now,  the  stroke  of  the  pump  to  be  5  feet,  then  the  area 
equal  to  7*45  -*-  5  =»  1'49  square  feet  ■*  214*66  square  inches ; 
we  see  that  the  diameter  of  the  pump  is  about  16^  inches.  Again, 
suppose  that  the  diameter  of  the  cold-water  pump  was  20  inches, 
and  that  it  was  required  to  find  the  length  of  its  stroke.  The  area 
of  the  pump  is  814*16  square  inches,  or  814*16  h-  144  »  2*18 
square  feet;  so  that  the  stroke  of  the  pump  is  equal  to  7*45  -i- 
218  -  8*42  feet. 

The  content  is  calculated  from  the  following  rule,  which  will  be 
found  to  give  correct  dimensions  for  all  sizes  of  engines : 

Rule. — To  fifnd  the  content  of  the  eold-taater  pump, — Multiply 
the  square  of  the  diameter  of  the  cylinder  in  inches  by  the  length 
of  the  stroke  in  feet ;  divide  the  product  by  4400.  The  quotient 
is  the  content  of  the  cold-water  pump  in  cubic  feet. 

To  explain  this  rule,  we  shall  take  the  particular,  example  of  an 
engine  whose  stroke  is  5^  feet,  and  diameter  of  cylinder  60  inches. 
In  this  case  we  have  in  succession, 

60  =B  diameter  of  cylinder  in  inches. 
60 


8600  s  square  of  the  diameter  of  cylinder. 
5J  —  length  of  stroke  in  feet. 


4400)19800 

4*5  «  content  of  cold  water  pump  in  cubic  feet. 

To  determine  the  proper  thickness  of  the  large  eye  of  crank  for 
fly-wheel  shaft  when  the  crank  is  of  cast  iron.  The  crank  is  some- 
times cast  on  the  shaft,  and  of  course  the  thickness  of  the  large 
eye  is  not  then  so  great  as  when  the  crank  is  only  keyed  on  the 
shaft,  or  rather  there  is  then  no  large  eye  at  all.  To  illustrate  the 
use  of  this  rule,  we  shall  apply  it  to  the  particular  example  of  an 
engine  whose  stroke  is  8  feet,  and  diameter  of  cylinder  64  inches. 
Hence,  according  to  the  rule,  the  proper  thickness  of  the  large  eye 
of  crank  when  of  cast  iron  is  8*07  inches.  For  a  marine  engine 
of  8  feet  stroke  and  64  inch  cylinder,  the  thickness  of  the  large 
eye  of  crank  is  about  5f  inches.  The  difference  is  thus  about  2^ 
inches,  which  is  an  allowance  for  the  inferiority  of  cast  iron  to 
malleable  iron. 

The  following  rule  will  be  found  to  give  correct  dimensions  for 
all  sizes  of  engines : 

RuLB. — To  find  the  thickness  of  the  large  eye  of  crank  for  fly- 
wheel shaft  when  of  cast  iron. — Multiply  the  square  of  the  length 
of  the  crank  in  inches  by  1*561,  and  then  multiply  the  square  of  the 
diameter  of  the  cylinder  in  inches  by  *1285 ;  multiply  the  sum  of 
these  products  by  the  square  of  the  diameter  of  cylinder  in  inches ; 
divide  this  product  by  666*283 ;  divide  this  quotient  by  the  length 
of  the  crank  in  inches ;  finally  extract  the  cube  root  of  the  quotient. 
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The  result  is  the  proper  thickness  of  the  large  eye  of  crank  for 
flj-wheel  shaft  in  inches^  when  of  cast  iron. 

As  this  rule  is  rather  complicated,  we  shall  show  its  application 
to  the  particular  example  already  selected. 

48  « length  of  crank  in  inches. 
48  * 

2304  ^  square  of  length  of  crank  in  inches. 
1'561  SB  constant  multiplier. 

I  diameter  of  cylinder  in  inches. 

4096  »  square  of  the  diameter  of  cylinder. 
•1235_™  constant  multiplier. 

505-8 
3596-5 

4102*3  SB  sum  of  products. 
4096  ax  square  of  the  diameter  of  cylinder. 

666-288)  16803020-8 

length  of  crank-48)  25219-045 

625-397 

and  ^625-397  -  8-07  nearly. 

To  find  the  breadth  of  the  web  of  crank  at  the  centre  of  the  fly- 
wheel shaft,  that  is  to  say,  the  breadth  which  it  would  have  if  it 
were  continued  to  the  centre  of  the  fly-wheel  shaft.  Suppose  it 
were  required  to  find  the  breadth  of  the  crank  at  the  centre  of  the 
fly-wheel  shaft  for  an  engine  whose  stroke  is  8  feet,  and  diameter 
of  cylinder  64  inches.  According  to  the  rule,  the  proper  breadth 
is  22-49  inches.  According  to  a  former  rule,  the  breadth  of  the 
web  of  a  cast  iron  crank  of  an  engine  whose  stroke  is  8  feet,  and 
diameter  of  cylinder  64  inches,  is  about  18  inches.  The  difference 
between  these  two  is  about  4^  inches ;  which  is  not  too  great  an 
allowance  for  the  inferiority  of  the  cast  iron. 

The  following  rule  will  be  found  to  give  correct  dimensions  for 
all  sizes  of  engines : 

Rule. — To  find  the  breadth  of  the  web  of  crank  at  fly-wheel  shaft, 
when  of  east  iron. — ^Multiply  the  square  of  the  length  of  the  crank 
in  inches  by  1-561,  and  then  multiply  the  square  of  the  diameter 
of  the  cylinder  in  inches  by  '1235 ;  multiply  the  square  root  of  the 
sum  of  these  products  by  the  square  of  the  diameter  of  the  cylinder 
in  inches;  divide  the  product  by  28-04,  and  finally  extract  the 
cube  root  of  the  quotient.  The  final  result  is  the  breadth  of  the 
crank  at  the  centre  of  the  fly-wheel  shaft,  when  the  crank  is  of 
cast  iron. 

As  this  rule  is  rather  complicated,  we  shall  illustrate  it  by  show- 
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ing  its  application  to  the  particular  example  of  an  engine  whose 
stroke  is  8  feet,  and  diameter  of  cylinder  64  inches. 

64  =  diameter  of  cylinder  in  inches. 
64 


4096  »  square  of  the  diameter  of  cylinder. 
•1285  »  constant  multiplier. 

605-8 

48  » lengfli  of  crank  in  inches. 
48 


2304  »  square  of  the  length  of  crank. 
1'561  »  constant  multiplier. 

8596-5 
505-8 

4102-8  *  sum  of  products, 
v' 4102-8  -  64-05  nearly. 

4096  =«  square  of  the  diameter  of 
eonstant  divisor  «  28-04)262348-5  [cylinder. 

11386-66  nearly, 
and  ^11886-66 -22-49. 

To  determine  the  thickness  of  the  web  of  crank  at  the  centre  of 
the  fly-wheel  shaft ;  that  is  to  say,  the  thickness  which  it  would 
have  if  it  were  continued  so  far.  Suppose  it  were  required  to  find 
the  thickness  of  web  of  crank  at  the  centre  of  fly-wheel  shaft  of 
an  engine  whose  stroke  is  8  feet,  and  diameter  of  cylinder  64 
inches.-  According  to  the  rule,  the  proper  thickness  would  be 
11*26  inches.  The  proper  thickness  of  web  at  centre  of  paddle 
shaft  for  a  marine  engine  whose  stroke  is  8  feet,  and  diameter  of 
ejrlinder  64  inches,  is  nearly  9  inches.  The  difference  between  the 
two  thicknesses  is  about  2^  inches,  which  is  not  too  great  an  allow- 
ince  for  the  inferiority  of  oast  iron  to  malleable  iron. 

The  following  rule  will  be  found  to  give  correct  dimensions  for 
all  sizes  of  engines : 

Rule. — To  find  the  thzckness  of  the  web  of  crank  at  centre  of 
fly-wheel  %haft^  when  of  cast  iron. — Multiply  the  square  of  the 
length  of  the  crank  in  inches  by  1-661,  and  then  multiply  the 
square  of  the  diameter  of  the  cylinder  in  inches  by  -1285 ;  multi- 
ply the  square  root  of  the  sum  of  these  products  bv  the  square  of 
the  diameter  of  the  cylinder  in  inches ;  divide  this  product  by 
184-82 ;  finally  extract  the  cube  root  of  the  quotient.  The  result 
18  the  thickness  of  the  web  of  crank  at  the  centre  of  the  fly-wheel 
shaft  when  of  cast  iron,  in  inches. 

As  this  rule  is  rather  complicated,  we  shall  illustrate  it  by  apply* 
ing  it  to  the  particular  engine  which  we  have  already  selected. 
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48  «  length  of  crank  in  inches. 
48  * 


2304  »  square  of  len^h  of  crank. 
1-561  «  constant  multiplier. 

8596-5 

64  «  diameter  of  cylinder  in  inches. 
64 


4096  B  square  of  the  diameter  of  cylinder. 
-1235  «  constant  multiplier. 

505-8 
3596-5 

4102-8  as  sum  of  products. 


and  v' 4102-8  -  64-05  nearly. 

4096  «  square  of  diameter. 
Constant  divisor  —  184'82y262348^ 

1428-38 

and  ^  1423-33  -  11-24 

To  find  the  proper  diameter  of  the  fly-wheel  shaft  at  its  smallest 
part,  when,  as  is  usually  the  case,  it  is  of  cast  iron.  Suppose  it 
were  required  to  find  the  diameter  of  the  fly-wheel  shaft  for  an 
engine  whose  stroke  is  8  feet,  and  diameter  of  cylinder  64  inches. 
According  to  the  rule,  the  diameter  would  be  17*59  inches.  It  is  - 
obvious  enough  that  the  fly-wheel  shaft  stands  in  much  the  same 
relation  to  the  land  engine,  as  the  paddle  shaft  does  to  the  marine 
engine.  According  to  a  former  ride,  the  diameter  of  the«  paddle 
shaft  journal  of  a  marine  engine  whose  stroke  is  8  feet,  and  dia- 
meter of  cylinder  64  inches,  is  about  14  inches.  The  diflTerence 
betwixt  the  diameter  of  the  paddle  shaft  for  the  marine  engine, 
and  the  diameter  of  the  fly-wheel  shaft  for  the  corresponding  land 
engine  is  about  3^  inches.  This  will  be  found  to  be  a  very  proper 
allowance  for  the  different  circumstances  connected  with  the  land 
engine. 

The  following  rule  will  be  found  to  give  correct  dimensions  for  all 
sizes  of  engines. 

BuLR. — To  find  the  diameter  of  the  fly-toheel  shaft  at  smaUeit 
part^  when  it  is  of  cast  iron. — Multiply  the  square  of  the  diameter 
of  the  cylinder  in  inches  by  the  length  of  the  crank  in  inches ; 
extract  the  cube  root  of  the  product ;  finally  multiply  the  result 
by  '8025.  The  result  is  the  diameter  of  the  fly-wheel  shaft  at 
smallest  part  in  inches. 

We  shall  illustrate  this  rule  by  applying  it  to  the  particular 
engine  which  we  have  already  selected. 
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64- 
64 

diameter  of  cylinder  in  inches. 

4096- 
48- 

sqnare  of  the  diameter, 
length  of  crank  in  inches. 

196608 

0 
25 

0 
5 

196608  (68-15  -  ^  196608 
125 

6 
_5 

10 
5 

150 

8 

25 
50 

7600 
1264 

8764 
1828 

71608 
70112 

1496 
1011 

485 

158 
8 

10092 
2 

166 

8 

1011 
2 

174  1018 

and  68-15  X -8026 -1759 
which  agrees  with  the  number  given  by  a  former  rule. 

To  determine  the  sectional  area  of  the  fly-wheel  rim  when  of 
cast  iron.  Sappoee  it  were  required  to  find  the  sectional  area  of 
the  rim  of  a  fly-wheel  for  an  engine  whose  stroke  is  8  feet,  and 
dimmeter  of  cylinder  64  inches,  the  diameter  of  the  fly-wheel  itself 
being  30  feet.  According  to  the  rule,  the  sectional  area  of  the 
rim  in  square  inches  —  146*4  X  -818  «  119*02.  We  may  remark 
that  this  calculation  has  been  made  on  the  supposition  that  the  fly- 
wheel is  so  connected  with  the  ennne,  as  to  make  exactly  one  reyo- 
lution  for  each  double  stroke  of  the  piston.  If  the  fly-wheel  is  so 
connected  with  the  engine  as  to  make  more  than  one  revolution  for 
each  double  stroke,  then  the  rim  does  not  need  to  be  so  hearjr  as 
we  make  it.  If,  on  the  contrary,  the  fly-wheel  does  not  maKe  a 
complete  revolution  for  each  double  stroke  of  the  engine,  then  it 
ought  to  be  heavier  than  this  rule  makes  it. 

Bulb. — To  find  the  tectioncd  area  of  the  rim  of  the  fly-wheel 
when  of  cast  iron. — Multiply  together  the  square  of  the  diameter 
of  the  cylinder  in  inches,  the  square  of  the  length  of  the  stroke 
in  feet,  the  cube  root  of  the  length  of  the  stroke  in  feet,  and  6-125 ; 
divide  the  final  product  by  the  cube  of  the  diameter  of  the  fly-wheel 
in  feet.  The  quotient  is  the  sectional  area  of  the  rim  of  fly-wheel 
in  square  inches,  provided  it  is  of  cast  iron. 

As  this  rule  is  rather  complicated,  we  shall  endeavour  to  illustrate 
it  by  showing  its  application  to  a  particular  engine.     We  shall 
apply  the  rule  to  determine  the  sectional  area  of  the  rim  of  fly- 
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wheel  for  an  engine  whose  stroke  is  8  feet,  diameter  of  cylinder  50 
inches;  the  diameter  of  the  flj-wheel  being  20  feet.  For  this 
engine  we  have  as  follows : 

2500  «s  sqnare  of  diameter  of  cylinder. 
64  «  square  of  the  length  of  stroke. 


160000 

2  =  cube  root  of  the  length  of  stroke. 

320000 
6*125  «  constant  multiplier. 

1960000 
therefore  sectional  area  in  square  inches  «  1960000  -f-  20^ » 
1960000  -*-  8000  =  1960  -*-  8  -  245. 

In  the  following  formulas  we  denote  the  diameter  of  the  cylinder 
in  inches  by  D,  the  length  of  the  crank  in  inches  by  R,  the  length 
of  the  stroke  in  feet,  and  the  nominal  horse  power  of  the  engine 
by  H.P. 

MARINX  SNOINES. — ^DIBOENSIONS  OF  SEVERAL  OF  THE  PARTS  OF  THE 
SIDE  LEVER. 

Depth  of  eye  round  end  studs  of  lever  «  '074  x  D. 
Thickness  of  eye  round  end  studs  of  lever  »  *052  X  D. 
Diameter  of  end  studs,  in  inches  »  '07  X  D. 
Length  of  end  studs,  in  inches  »  '076  X  D. 
Diameter  of  air-pump  studs,  in  inches  »  '045  X  D. 
Length  of  air-pump  studs,  in  inches  =  -049  x  D. 

Depth  of  cast  iron  side  lever  across  centre,  in  inches  »  D^  X 

{•7428  X  length  of  lever  in  feet}*. 

MARINE  ENGINE. — ^DIBCENSIONS  OF  SEVERAL  PARTS  OF  AIR-PUMP 
OEOSS-HEAD. 

Diameter  of  air-pump,  in  inches  ss  -6  x  D. 
Thickness  of  eye  for  air-pump  rod,  in  inches  =*  '025  X  D. 
Depth  of  eye  for  air-pump  rod,  in  inches  =  -171  X  D. 
Diameter  of  end  journals,  in  inches  ==  '051  X  D. 
Length  of  end  journals,  in  inches  =  '058  X  D. 
Thickness  of  web  at  middle,  in  inches  ■*  -043  X  D. 
Depth  of  web  at  middle,  in  inches  »  *161  X  D. 
Thickness  of  web  at  journal  =«  '037  X  D. 
Depth  of  web  at  journal  ««  -061  X  D. 

MARINE  ENGINE. — DIMENSIONS    OF   THE  PARTS   OF   AIR-PUMP 
PISTON-ROD. 

Diameter  of  air-pump  piston-rod,  when  of  copper,  in  inches  » 
•067  X  D. 

Depth  of  gibs  and  cutter  through  cross-head,  in  inches  »* 
•063  X  D. 
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Thickness  of  gibs  and  cntter  tbrough  cross-head,  in  inches  « 
•013  X  D. 
Depth  of  cutter  through  piston,  in  inches  =»  '061  x  D. 
Thickness  of  cutter  through  piston,  in  inches  »  '021  x  D. 

HASma  SNGUfS. — ^DIMZNSIOITS  OF  THB  REBfAIKINO  PAKTS  OF  THE 
Am-PUBfP  BIACHINERT. 

Diameter  of  air-pump  side  rods  at  ends,  in  inches  »  *089  x  D. 

Breadth  of  butt,  in  inches  —  -046  X  D. 

Thickness  of  butt,  in  inches  «  '087  X  D. 

Mean  thickness  of  strap  at  cutter,  in  inches  >=  *019  x  D. 

Mean  thickness  of  strap  below  cutter,  in  inches  =  '014  x  D* 

Depth  of  gibs  and  cutter,  in  inches  ^  *048  x  D. 

Thickness  of  gibs  and  cutter  in  inches  »  D  -4-  100. 

MARINB  AND  LAND  ENGINES. — ^AREA  OF  STEAM  PORTS. 

Area  of  each  steam  port,  in  square  inches  «=  11  x  Z  x  D*  h- 
1800  +  8. 

MABINS  AND  LAND  ENGINES* --DI1CEN8ION8  OF  BBANOH  STEAM  PIPES. 

Diameter  of  each  branch  steam  pipe  =  %/  -00498  X  Z  X  D*  X  10'2. 

MABINB  ENOINS. — DIMENSIONS  OF  SEVERAL  OF  THE  PIPES  OONNEOTBD 
WITH  THE  ENGINE. 


Diameter  of  waste  water  pipe,  in  inches  »  1*2  X  %/  H.P. 
Area  of  foot-valve  passage,  in  square  inches  =*  1*8  X  H.P.+  8. 
Area  of  injection  pipe,  in  square  inches  =  -069  X  H.P.  +  2*81. 

Diameter  of  feed  pipe,  in  inches  =  •  '04  x  H.P.  +  3. 

Diameter  of  waste  steam  pipe  in  inches  «s\/'375xH.P.+16'876. 

MARINE  AND  LAND  ENGINES. — ^DIMENSIONS  OF  SAFETT-VALYES. 


Diam.  of  safety-valve,  when  one  only  is  used  »gv^'5xH.P.4-22'5> 
Diam.  of  safety-valve,  when  two  are  used  =*  •'25xH.P.+ll'26. 
Diam.  of  safety-valve,  when  three  are  used  =  %/'16TxH.P.+7'5. 
DiauL  of  safety-valve,  when  four  are  used  «=  v'*126  xH.P. +5'625. 

LAND  ENGINE. — ^DIMENSI0N^  OF  MAIN  BEAM. 

Depth  of  web  of  main  beam  across  centre  «» 

-^  3  X  D^  X  half  length  of  main  beam  in  feet. 

Depth  of  main  beam  at  ends  « 

^  '192  X  D'  X  half  length  of  main  beam,  in  feet. 

LAND  AND  MARINE  ENGINES. — CONTENT  OF  FEED-PUMP. 

Content  of  feed-pump,  in  cubic  inches  =  D*  X  ?  -5-  30. 

LAND  ENGINES. — CONTENT  OF  COLD  WATER  PTXBIP. 

Content  of  cold  water  pump,  in  cubic  feet  «  D*  X  ?  -^  4400.    ^ 
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LAND  UTGINBB. — ^DIMXNBIONS  OF  CBANK. 

Thickness  of  large  eye  of  crank,  in  inches  « 

^D«  X  (1-661  X  R»  +  -1236  D»)  -h  (R  x  666-283). 
Breadth  of  web  of  crank  at  fly-wheel  shaft  centre,  in  inches  = 

^ D*  X  •  (1-561  X  R*  +  -1285  x  D»)  -h  2304. 

Thickness  of  web  of  crank  at  fly-wheel  shaft  centre,  in  inches  • 

^  D»  X  V  (1-661  X  R*  +  -1285  x  D»)  -*- 184-82. 

LAND  XNQINS8.— DIMENSIONS  OF  FLT-WHKKi  SHAFT. 


Diameter  of  fly-wheel  shaft,  when  of  cast  iron  «  8025x  ^RxD*. 


DIMEVSIOVS  OF  PARTS  OF  LOCOHOTITES. 

DIAJfXTKB  OF  OTLIKDER. 

In  locomotive  engines,  the  diameter  of  the  cylinder  varies  less 
than  either  the  land  or  the  marine  engine.  In  few  of  the  locomotive 
engines  at  present  in  use  is  the  diameter  of  the  cylinder  greater 
than  16  inches,  or  less  than  12  inches.  The  length  of  the  stroke  of 
nearly  all  the  locomotive  engines  at  present  in  use  is  18  inches,  and 
there  are  always  two  cylinders,  which  are  generally  connected  to 
cranks  upon  the  axle,  standing  at  right  angles  with  one  another. 

AREA  OF  induction  PORTS. 

Rule. — To  find  the  size  of  the  steam  ports  for  the  locomotive 
engine. — Multiply  the  square  of  the  diameter  of  the  cylinder  by 
-068.  The  product  is  the  proper  size  of  the  steam  ports  in  square 
inches. 

Required  the  proper  size  of  the  steam  ports  of  a  locomotive 
engine  whose  diameter  is  15  inches.  Here,  according  to  the  rule, 
size  of  steam  ports  —  -068  x  16  X  15  =»  -068  X  226  « 16-3  square 
inches,  or  between  16^  and  16}^  square  inches. 

After  having  determined  the  area  of  the  ports,  we  may  easily 
find  the  depth  when  the  length  is  given,  or,  conversely,  the  length 
when  the  depth  is  given.  &us,  suppose  we  knew  that  the  length 
was  8  inches,  then  we  find  that  the  depth  should  be  16*3  -§-  8  » 
1-9126  inches,  or  nearly  2  ij^ches;  or  suppose  we  knew  the  depth 
was  2  inches,  then  we  would  find  that  the  length  was  15*3  -4-  2  s 
7*65  inches,  or  nearly  7f  inches* 

AREA  OF  EDUCTION  PORTS. 

The  proper  area  for  the  eduction  ports  may  be  found  from  the  fol- 
lowing rule. 

Rule. — To  find  the  area  of  the  eduction  ports. — Multiply  the 
square  of  the  diameter  of  the  cylinder  in  inches  by  -128.  The 
product  is  the  area  of  the  eduction  ports  in  square  inches. 

Required  the  area  of  the  eduction  ports  of  a  locomotive  engine, 
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when  the  diameter  of  the  cylinders  is  18  inches.    In  this  example 
▼e  have,  according  to  the  rule. 

Area  of  eduction  port  -  -128  X  13*  « '128  x  169  —  21-682 
inches^  or  between  21}  and  21|  square  inches. 

BBKADTH  OV  BBIDai  BBTWXEN  PORTS. 

The  breadth  of  the  bridges  between  the  eduction  port  and  the 
induction  ports  is  usually  between  f  inch  and  1  inch. 

DIAMBTXB  OF  BOILKB. 

It  is  obvious  that  the  diameter  of  the  boiler  may  vary  very  con- 
siderably ;  but  it  is  limited  chiefly  by  considerations  of  strength ; 
and  3  feet  are  found  a  convenient  diameter.  Rules  for  the  strength 
of  boilers  will  be  given  hereafter. 

Rule. — To  find  the  inside  diameter  of  the  boiler. — Multiply  the 
diameter  of  the  cylinder  in  inches  by  8*11.  The  product  is  the 
inside  diameter  of  the  boiler  in  inches. 

Required  the  inside  diameter  of  the  boiler  for  a  locomotive 
engine,  the  diameter  of  the  cylinders  being  15  inches. 

In  this  example  we  have,  according  to  the  rule, 

Inside  diameter  of  boiler  ««  16  X  8*11  =  46'65  inches, 
or  about  8  feet  10{  inches. 

LENGTH  OF  BOILER. 

The  length  of  the  boiler  is  usually  in  practice  between  8  feet  and 
8}  feet. 

])LA.MET£R  OF  STEAM  BOME^  INSIDE. 

It  is  obvious  that  the  diameter  of  the  steam  dome  may  be  varied 
considerably,  according  to  circumstances ;  but  the  first  indication 
is  to  make  it  large  enough.  It  is  usual,  however,  in  practice,  to 
proportion  the  diameter  of  the  steam  dome  to  the  diameter  of  the 
cylinder ;  and  there  appears  to  be  no  great  objection  ^  this.  The 
following  rule  will  be  found  to  give  the  diameter  of  the  dome 
usually  adopted  in  practice. 

Rule. — To  find  the  diameter  of  the  steam  dome. — ^Multiply  the 
diameter  of  the  cylinder  in  inches  by  1*43.  The  product  is  the 
diameter  of  th^  dome  in  inches. 

Required  the  diameter  of  the  steam  dome  for  a  locomotive  engine . 
whose  diameter  of  cylinders  is  18  inches.     In  this  example  we 
have,  according  to  the  rule, 

Diameter  of  steam  dome  «  1*43  x  18  »  18*59  inches, 
or  about  18|  inches. 

HEIGHT  OF  STEAM  DOME. 

The  height  of  the  steam  dome  may  vary.  Judging  from  prac^ 
tice,  it  appears  that  a  uniform  height  of  2^  feet  would  answer 
very  well. 

o2  11 
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DIAMETER  OF  SAFETY-VALVE. 

In  practice  the  diameter  of  the  safety-valye  varies  considerably. 
The  following  rule  gives  the  diameter  of  the  safety-valye  nsually 
adopted  in  practice. 

Rule. — To  find  the  diameter  of  the  safett/'Valve. — ^Divide  the 
diameter  of  the  cylinder  in  inches  by  4.  The  quotient  is  the  dia- 
meter of  the  safety-valve  in  inches. 

Required  the  diameter  of  the  safety-valves  for  the  boiler  of  a 
locomotive  engine,  the  diameter  of  the  cylinder  being  13  inches. 
Here,  according  to  the  rule,  diameter  of  safety-valve  =  13  -5-  4  =  3 J 
inches.  A  larger  size,  however,  is  preferable,  as  being  less  likely 
to  stick. 

DIAMETER  OF  VALVE   SPINDLE. 

The  following  rule  will  be  found  to  give  the  correct  diameter  of 
the  valve  spindle.     It  is  entirely  founded  on  practice. 

Rule. — To  find  the  diameter  of  the  valve  spindle, — Multiply  the 
diameter  of  the  cylinder  in  inches  by  -076.  The  product  is  the 
proper  diameter  of  the  valve  spindle. 

Required  the  diameter  of  the  valve  spindle  for  a  locomotive 
engine  whose  cylinders'  diameters  are  13  inches. 

In  this  example  we  have,  according  to  the  rule,  diameter  of  valve 
spindle  =  13  x  '076  =  '988  inches,  or  very  nearly  1  inch. 

DIAMETER  OF  CHIMNEY. 

It  is  usual  in  practice  to  make  the  diameter  of  the  chimney  equal 
to  the  diameter  of  the  cylinder.  Thus  a  locomotive  engine  whose 
cylinders'  diameters  are  15  inches  would  have  the  inside  diameter 
of  the  chimney  also  15  inches,  or  thereabouts.  This  rule  has,  at 
least,  the  merit  of  simplicity. 

AREA  OF  FIRE-QRATE. 

The  following  rule  determines  the  area  of  the  fire-grate  usually 
given  in  practice.  We  may  remark,  that  the  area  of  the  fire-grate 
in  practice  follows  a  more  certain  rule  than  any  other  part  of  the 
engine  appears  to  do ;  but  it  is  in  all  cased  much  too  small,  and 
occasions  a  great  loss  of  power  by  the  urging  of  the  blast  it  renders 
necessary,  and  a  rapid  deterioration  of  the  furnace  plates  from 
excessive  heat.  There  is  no  good  reason  why  the  furnace  should 
not  be  nearly  as  long  as  the  boiler :  it  would  then  resemble  the 
furnace  of  a  marine  boiler,  and  be  as  manageable. 

Rule. — To  find  the  areaofthefire-grat-e. — Multiply  the  diameter 
of  the  cylinder  in  inches  by  *77.  The  product  is  the  area  of  the  fire- 
grate in  superficial  feet. 

Required  the  area  of  the  fire-grate  of  a  locomotive  engine,  the 
diameters  of  the  cylinders  being  15  inches. 

In  this  example  we  have,  according  to  the  rule, 

Area  of  fire-grate  =»  '77  x  15  =  11*55  square  feet, 
or  about  11^  square  feet.     Though  this  rule,  however,  represents 
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the  usual  practice,  the  area  of  the  fire-grate  should  not  be  contingent 
upon  the  size  of  the  cylinder,  but  upon  the  quantity  of  steam  to  be 
raised. 

ABSA  OF  HEATINa  SURFACE. 

In  the  construction  of  a  locomotive  engine,  one  great  object  is  to 
obtain  a  boiler  which  will  produce  a  sufficient  quantity  of  steam  with 
as  little  bulk  and  weight  as  possible.  This  object  is  admirably  ac- 
complished in  the  construction  of  the  boiler  of  the  locomotive  en- 
gine. This  little  barrel  of  tubes  generates  more  steam  in  an  hour 
Sian  was  formerly  raised  from  a  boiler  and  fire  occupying  a  con- 
siderable house.  This  favourable  result  is  obtained  simply  by  ex- 
posing the  water  to  a  greater  amount  of  heating  surface. 

In  the  usual  construction  of  the  locomotive  boiler,  it  is  obvious 
that  we  can  only  consider  four  of  the  six  faces  of  the  inside  fire-box 
as  effective  heating  surface ;  viz.  the  crown  of  the  box,  and  the 
three  perpendicular  sides.  The  circumferences  of  the  tubes  are  also 
effective  heating  surface ;  so  that  the  whole  effective  heating  sur- 
face of  a  locomotive  boiler  may  be  considered  to  be  the  four  faces 
of  the  inside  fire-box,  plus  the  sum  of  the  surfaces  of  the  tubes. 
Understanding  this  to  be  the  effective  heating  surface,  the  following 
rule  determines  the  average  amount  of  heating  surface  usually  given 
in  practice. 

Rule. — To  find  the  effective  heating  surface, — Multiply  the  square 
of  the  diameter  of  the  cylinder  in  inches  by  5 ;  divide  the  product 
by  2.  The  quotient  is  the  area  of  the  effective  heating  surface  in 
Bquare  feet. 

Required  the  effective  heating  surface  of  the  boiler  of  a  locomotive 
engine,  the  diameters  of  the  cylinders  being  15  inches. 

In  this  example  we  have,  according  to  the  rule. 

Effective  heating  surface  =  16*  x  5  -5-  2  =  225  X  5  -5-  2  =  1125  -f- 
2  a  562^  square  feet. 

According  to  the  rule  which  we  have  given  for  the  fire-grate,  the 
area  of  the  fire-grate  for  this  boiler  would  be  about  11 J  square  feet. 
We  may  suppose,  therefore,  the  area  of  the  crown  of  the  box  to  be 
12  square  feet.  The  area  of  the  three  perpendicular  sides  of  the 
inside  fire-box  is  usually  three  times  the  area  of  the  crown ;  so  that 
the  effective  heating  surface  of  the  fire-box  is  48  square  feet.  Hence 
the  heating  surface  of  the  tubes  =»  526*5  —  48  ■■  478'6  square  feet. 
The  inside  diameters  of  the  tubes  are  generally  about  If  inches ; 
and  therefore  the  circumference  of  a  section  of  these  tubes,  ac- 
cording to  the  table,  is  5*4978  inches.  Hence,  supposing  the 
tube  to  be  8J  feet  long,  the  surface  of  one  =  5*4978  x  8J  -s-  12  = 
•45815  x  8J  »  8*8943  square  feet;  and,  therefore,  the  number  of 
tubes  =»  478*5  -^8*8943  =  123  nearly.  The  amount  of  heating  sur- 
face, however,  like  that  of  grate  surface,  is  properly  a  function  of 
the  quantity  of  steam  to  be  raised,  and  the  proportions  of  both, 
given  hereafter,  will  be  found  to  answer  well  for  boilers  of  every 
description. 
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ABEA  09  WATER-LEVEL. 

This,  of  course,  varies  with  the  different  circumstances  of  the 
boiler.     The  average  area  may  be  found  from  the  following  rule. 

Rule. — To  find  the  area  of  the  water-level. — ^Multiply  the  diame- 
ter of  the  cylinder  in  inches  by  2*08.  The  product  is  the  area  of 
the  water-level  in  square  feet. 

Required  the  area  of  the  water-level  for  a  locomotive  enginCi 
whose  cylinders'  diameters  are  14  inches. 

In  this  case  we  have,  according  to  the  rule, 

Area  of  water-level  =  14  x  2-08  =  29-12  square  feet. 

CUBIOAL  CONTENT  OV  WATER  IN  BOILER. 

This,  of  course,  varies  not  only  in  different  boilers,  but  also  in 
the  same  boiler  at  different  times.  The  following  rule  is  supposed 
to  give  the  average  quantity  of  water  in  the  boiler. 

Rule. — To  find  the  cubical  content  of  the  water  in  the  haiUr. — 
Multiply  the  square  of  the  diameter  of  the  cylinder  in  inches  by  9 : 
divide  the  product  by  40.  The  quotient  is  the  cubical  content  of 
the  water  in  the  boiler  in  cubic  feet. 

Required  the  average  cubical  content  of  the  water  in  the  boiler 
of  a  locomotive  engine,  the  diameters  of  the  cylinders  being  14 
inches.     In  this  example  we  have,  according  to  the  rule. 

Cubical  content  of  water  =  9  x  14*  -s-  40  =  44*1  cubic  feet. 

CONTENT  Of  FSEP-FUMP. 

In  the  locomotive  engine,  the  feed-pump  is  generally  attached  to 
the  cross-head,  and  consequently  it  has  the  same  stroke  as  the  pia- 
ton.  As  we  have  mentioned  before,  the  stroke  of  the  locomotive 
engine  is  generally  in  practice  18  inches.  Hence,  assuming  the 
stroke  of  the  feed-pump  to  be  constantly  18  inches,  it  only  remains 
for  us  to  determine  the  diameter  of  the  ram.  It  may  be  found  from 
the  following  rule. 

Rule. — To  find  the  diameter  of  the  feedrpymp  ram. — Multiply 
the  square  of  the  diameter  of  the  cylinder  in  inches  by  'Oil.  The 
product  is  the  diameter  of  the  ram  in  inches. 

Required  the  diameter  of  the  ram  for  the  feed-pump  for  a  loco- 
motive engine  whose  diameter  of  cylinder  is  14  inches.  In  this 
example  we  have,  according  to  the  rule, 

Diameter  of  ram  =  -Oil  x  14« «  -Oil  X  196  =  2-156  inches, 
or  between  2  and  2^  inches. 

CUBICAL  CONTENT  OP  STEAM  ROOM. 

The  quantity  of  steam  in  the  boiler  varies  not  only  for  different 
boilers,  but  even  for  the  same  boiler  in  different  circumstanoes. 
But  nvhen  the  locomotive  is  in  motion,  there  is  usually  a  certain 
proportion  of  the  boiler  filled  with  the  steam.  Including  the  dome 
and  the  steam  pipe,  the  content  of  the  steam  room  will  be  found 
usually  to  be  somewhat  less  than  the  cubical  content  of  the  water. 
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But  as  it  is  desirable  that  it  should  be  increased,  we  gire  the  fol- 
lowing mle. 

RuLS. — To  find  the  cubical  content  of  the  iteam  room. — Multiply 
the  square  of  the  diameter  of  the  cylinder  in  inches  by  9 ;  divide 
the  product  by  40.  The  quotient  is  the  cubioal  content  of  the 
steam  room  in  cubic  feet. 

Required  the  cubical  content  of  the  steam  room  in  a  locomotiye 
boiler,  the  diameters  of  the  cylinders  beinc  12  inches. 

In  this  example  we  haTe,  according  to  the  rule, 

Cubical  content  of  steam  room  =«  9  x  12*  -^  40  =»  9  X 144  -4-  40  « 
82*4  cubic  feet. 

CUBICAL  CONTENT  OF  INSIDE  FIBE-BOX  ABOYE  FIBE-BAB8. 

The  following  rule  determines  the  cubical  content  of  fire-box 
usually  given  in  practice. 

Rule. — To  find  the  evhieal  content  of  inside  fire-hox  above  fire- 
bars.— Divide  the  square  of  the  diameter  of  the  cylinder  in  inches 
by  4.  The  quotient  is  the  content  of  the  inside  fire-box  above  fire- 
bars in  cubic  feet. 

Required  the  content  of  inside  fire-box  above  fire-bars  in  a  loco- 
motive engine,  when  the  diameters  of  the  cylinders  are  each  15 
inches. 

In  this  example  we  have,  according  to  the  rule, 

Content  of  inside  fire-box  above  fire-bars  « 15*  h-4  ■«  225  -i-  4  « 
56^  cubic  feet. 

THICKNESS  OV  THE  PLATES  OF  BOILEB. 

In  general,  the  thickness  of  the  plates  of  the  locomotive  boiler  is 
J  inch.     In  some  oases,  however,  the  thickness  is  only  ^  inch. 

INSIDE  DIAMETEB  OF  STEAM  PIPE. 

The  diameter  usually  given  to  the  steam  pipe  of  the  locomotive 
engine  may  be  found  from  the  following  rule. 

RxTLB. — To  find  the  diameter  of  the  steam  pipe  of  the  locomotive 
engine. — Multiply  the  square  of  the  diameter  of  the  cylinder  in 
inches  by  *03.  The  product  is  the  diameter  of  the  steam  pipe  in 
inches. 

Required  the  diameter  of  the  steam  pipe  of  a  locomotive  engine, 
the  diameter  of  the  cylinder  being  13  inches.  Here,  according  to 
the  rule,  diameter  of  steam  pipe  =*  -08  X  18* «  -08  X  169  =  6-07 
inches ;  or  a  very  little  more  than  5  inches.  The  steam  pipe  19 
Qsoally  made  too  small  in  engines  intended  for  high  speeds. 

DIAMETER  OF  BRANCH   STEAM  PIPES. 

The  following  rule  gives  the  usual  diameter  of  the  branch  steam 
pipe  for  locomotive  engines. 

Rule. — To  find  the  diameter  of  the  branch  steam  pipe  for  the  lo- 
comotive engine. — Multiply  the  square  of  the  diameter  of  the  cylin- 
der in  inches  by  *021.  The  product  is  the  diameter  of  the  branch 
steam  pipe  for  the  locomotive  engine  in  inches. 
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Required  the  diameter  of  the  branch  steam  pipes  for  a  locomo- 
tive engine,  when  the  cylinder's  diameter  is  15  inches.  Here,  ac- 
cording to  the  rule,  diameter  of  branch  pipe  =  '021  x  15'  =  '021  x 
225  =  4*725  inches,  or  about  4|  inches. 

DLAMETKB  OF  TOP  OP  BLAST  PIPE. 

The  diameter  of  the  top  of  the  blast  pipe  may  be  found  from  the 
following  rule. 

Rule. — To  find  the  diameter  of  the  top  of  the  blast  pipe. — Mul- 
tiply the  square  of  the  diameter  of  the  cylinder  in  inches  by  0*17. 
The  product  is  the  diameter  of  the  top  of  the  blast  pipe  in  inches. 

The  diameter  of  a  locomotive  engine  is  13  inches ;  required  the 
diameter  of  the  blast  pipe  at  top.  Here,  according  to  the  rule, 
diameter  of  blast  pipe  at  top  «  -017  X  18» «  -017  X  169  ==2-873 
inches,  or  between  2f  and  3  inches ;  but  the  orifice  of  the  blast 
pipe  should  always  be  made  as  large  as  the  demands  of  the  blast 
will  permit. 

DIAMETER  OF  FEED  PIPES. 

There  appear  to  be  no  theoretical  considerations  which  would 
lead  us  to  determine  exactly  the  proper  size  of  the  feed  pipes. 
Judging  from  practice,  however,  the  following  rule  will  be  found  to 
give  the  proper  dimensions. 

Rule. — To  find  the  diameter  of  the  feed  pipes. — Multiply  the 
diameter  of  the  cylinder  in  inches  by  *141.  The  product  is  the 
proper  diameter  of  the  feed  pipes. 

Required  the  diameter  of  the  feed  pipes  for  a  locomotive  engine, 
the  diameter  of  the  cylinder  being  15  inches. 

In  this  example  we  have,  according  to  the  rule. 

Diameter  of  feed-pipe  =  15  x  -141  =  2*115  inches, 
or  between  2  and  2\  inches. 

DIAMETER   OF  PISTON  ROD. 

The  diameter  of  the  piston  rod  for  the  locomotive  engine  is 
usually  about  one-seventh  the  diameter  of  the  cylinder.  Making 
practice  our  guide,  therefore,  we  have  the  following  rule. 

Rule. — To  find  the  diameter  of  the  piston  rod  for  the  locomotive 
engine, — Divide  the  diameter  of  the  cylinder  in  inches  by  7.  The 
quotient  is  the  diameter  of  the  piston  rod  in  inches. 

The  diameter  of  the  cylinder  of  a  locomotive  engine  is  15  inches; 
required  the  diameter  of  the  piston  rod.  Here,  according  to  the 
rule",  diameter  of  piston  rod  =15  -4-  7  =  2j  inches. 

THICKNESS  OF  PISTON. 

The  thickness  of  the  piston  in  locomotive  engines  is  usually  about 
two-sevenths  of  the  diameter  of  the  cylinder.  Making  practice  our 
guide,  therefore,  we  have  the  following  rule. 

Rule. — To  find  the  thickness  of  the  piston  in  the  locomotive  en- 
gine.— ^Multiply  the  diameter  of  the  cylinder  in  inches  by  2 ;  divide 
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tke  product  by  7.     The  quotient  is  the  thickness  of  the  piston  in 
inches. 

The  diameter  of  the  cylinder  of  a  locomotive  engine  is  14  inches ; 
required  the  thickness  of  the  piston.  Here,  according  to  the  rule, 
thickness  of  piston  =s2x14-h7»4  inches. 

DIAMETEB  OF  CONNECnNQ  RODS  AT  MIDDLE. 

!Ehe  following  rule  gives  the  diameter  of  the  connecting  jod  at 
middle.     The  rule,  we  may  remark,  is  entirely  founded  on  practice. 

BuLE. — To  find  the  diameter  of  the  connecting  rod  at  middle  of 
the  locomotive  engine, — Multiply  the  diameter  of  the  cylinder  in 
inches  by  -21.  The  product  in  the  diameter  of  the  connecting  rod 
at  middle  in  inches. 

Required  the  diameter  of  the  connecting  rods  at  middle  for  a 
locomotive  engine,  the  diameter  of  the  cylinders  being  twelve 
inches. 

For  this  example  we  have,  according  to  the  rule, 

Diameter  of  connecting  rods  at  middle  =  12  x  *21  »  2*52  inches, 
or  2^  inches. 

DIAMETER  OF  BALL  ON   GROSS-HEAD   SPINDLE. 

The  diameter  of  the  ball  on  the  cross-head  spindle  may  be  found 
from  the  following  rule. 

Rule. — To  find  the  diameter  of  the  baUon  cross-head  spindle  of 
a  locomotive  engine. — Multiply  the  diameter  of  the  cylinder  in 
inches  by  '23.  The  product  is  the  diameter  of  the  ball  on  the 
cross-head  spindle. 

Required  the  diameter  of  the  ball  on  the  cross-head  spindle  of  a 
locomotive  engine,  when  the  diameter  of  the  cylinder  is  15  inches. 
Here,  according  to  the  rule, 

Diameter  of  ball  »  '23  x  15  ■»  3*45  inches,  or  nearly  3|  inches. 

DIAMETER  OF  THE  INSIDE  BEARINGS   OF  THE  CRANK  AXLE. 

It  is  obvious  that  the  inside  bearings  of  the  crank  axle  of  the 
locomotive  engine  correspond  to  the  paddle-shaft  journal  of  the 
marine  engine,  and  to  the  fly-wheel  shaft  journal  of  the  land-engine. 
We  may  conclude,  therefore,  that  the  proper  diameter  of  these  bear- 
ings ought  to  depend  jointly  upon  the  length  of  the  stroke  and  the 
diameter  of  the  cylinder.  In  the  locomotive  engine  the  stroke  is 
usually  18  inches,  so  that  we  may  consider  that  the  diameter  of  the 
bearing  depends  solely  upon  the  diameter  of  the  cylinder.  The 
following  rule  will  give  the  diameter  of  the  inside  bearing. 

Rule. — To  find  the  diameter  of  the  inside  bearing  for  the  loco- 
motive  engine. — Extract  the  cube  root  of  the  square  of  the  diameter 
of  the  cyUnder  in  inches ;  multiply  the  result  by  '96.  The  product 
is  the  proper  diameter  of  the  inside  bearing  of  the  crank  axle  for  the 
locomotive  engine. 

Required  the  diameter  of  the  inside  bearing  of  the  crank  axle 
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for  a  locomotive  eneine  whose  cylinders  are  of  IS-inch  diameters. 
In  this  example  we  haye,  according  to  the  rule^ 
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and  diameter  of  bearing  —  6*5289  x  '96  ■=»  5*81  inches  nearly;  or 
between  5^  and  5|  inches. 

niAMETEB  OF  THE  OUTSIDE   BEARINGS  OV  THB  CRANK  AXLB. 

The  crank  axle,  in  addition  to  resting  upon  the  inside  bearings, 
is  sometimes  also  made  to  rest  partly  upon  outside  bearings. 
These  outside  bearings  are  added  only  for  the  sake  of  steadiness, 
and  they  do  not  need  to  be  so  strong  as  the  inside  bearings.  The 
proper  size  of  the  diameter  of  these  bearings  may  be  found  from 
the  following  rule. 

Rule. — To  find  the  diameter  of  outside  bearings  for  the  locomo- 
tive engine. — Multiply  the  square  of  the  diameters  of  the  cylinders 
in  inches  by  '396 ;  extract  the  cube  root  of  the  product.  The  result 
is  the  diameter  of  the  outside  bearings  in  inches. 

Required  the  proper  diameter  of  the  outside  bearings  for  a  loco- 
motive engine,  the  diameter  of  its  cylinders  being  15  inches. 

In  this  example  we  have,  according  to  the  rule, 

15  a  diameter  of  cylinders  in  inches. 
J5 

225  s=s  square  of  diameter  of  cylinder. 
•896  »  constant  multiplier. 
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Hence  diameter  of  oatside  bearing  »  4*466  inckes^  or  very 
nearly  4^  inches. 

DIAMETER  OF  PLAIN  PABT  Or  CRANK  AXLE. 

It  is  nsual  to  make  the  plain  part  of  crank  axle  of  the  same  sec- 
tional area  as  the  inside  bearings.  Hence,  to  determine  the  sec- 
tional area  of  the  plain  part  when  it  is  cylindrical,  we  have  the  fol- 
lowing mle. 

Rule. — To  determine  the  diameter  of  the  plain  part  of  crank  axle 
for  the  hcomoiive  engine. — ^Eztract  the  cube  root  of  the  square  of 
the  diameter  of  the  cylinder  in  inches ;  multiply  the  result  by  -Oe. 
The  product  is  the  proper  diameter  of  the  plain  part  of  the  crank 
axle  of  the  locomotiye  engine  in  inches. 

Required  the  diameter  of  the  plain  part  of  the  crank  axle  for  the 
lacomotive  engine,  whose  cylinders'  diameters  are  14  inches.  Ix. 
this  example  we  have,  according  to  the  rule, 

14  s*  diametw  of  cylinder  in  inches. 
_14 
196  »  square  of  the  diameter  of  cylinder. 
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Hence  the  plain  part  of  crank  axle  »  5*808  x  *96  =  5*58  nearly, 
or  a  little  more  than  5^  inches. 

DIAMETER  OF  CRANK  PIN. 

The  following  rule  giyes  the  proper  diameter  of  the  crank  pin.  It  is 
obvious  that  the  crank  pin  of  the  locomotive  engine  is  not  altogether 
analogous  to  tlie  crank  pin  of  the  marine  or  land  engine,  and,  like 
them,  ought  to  depend  upon  the  diameter  of  the  cylinder,  as  it  is 
usually  formed  out  of  the  solid  axle. 

Bulb. — To  find  the  diameter  of  the  crank  pin  for  the  locomotive 
engine. — Multiply  the  diameter  of  the  cylinder  in  inches  by  -404. 
The  product  is  the  diametar  of  the  crank  pin  in  inches. 

Required  the  diameter  of  the  crank  pin  of  a  locomotive  engine 
whose  cylinders*  diameters  are  15  inches. 

In  this  example  we  have,  according  to  the  rule. 

Diameter  of  crank  pin  =  15  x  '404  =  6*06  inches,  or  about  6 
inches. 

LENGTH  OP  CRANK  PIN. 

The  length  of  the  crank  pin  usually  given  in  practice  may  be 
found  from  the  following  rule. 

Rule. — To  find  the  length  of  the  crank  pin. — Multiply  the  di- 
ameter of  the  cylinder  in  inches  by  *238.  The  product  is  the 
length  of  the  crank  pins  in  inches. 

Required  the  length  of  the  crank  pins  for  a  locomotive  engine 
with  a  diameter  of  cylinder  of  13  inches. 

In  this  example  we  have,  according  to  the  rule, 

Length  of  crank  pin  =  13  X  -233  =  3-029  inches, 
or  about  3  inches.     The  part  of  the  crank  axle  answering  to  the 
crank  pin  is  usually  rounded  very  much  at  the  corners,  both  to  give 
additional  strength,  and  to  prevent  side  play. 

These  then  are  the  chief  dimensions  of  locomotive  engines  ac- 
cording to  the  practice  most  generally  followed.  The  establish- 
ment of  express  trains  and  the  general  exigencies  of  steam  locomo- 
tion are  daily  introducing  innovations,  the  effect  of  which  is  to  make 
the  engines  of  greater  size  and  power :  but  it  cannot  be  said  that  a 
plan  of  locomotive  engine  has  yet  been  contrived  that  is  free  from 
grave  objections.  9he  most  material  of  these  defects  is  the  neces- 
sity that  yet  exists  of  expending  a  large  proportion  of  the  power  in 
the  production  of  a  draft ;  and  this  evil  is  traceable  to  the  inade- 
quate area  of  the  fire-grate,  which  makes  an  enormous  rush  of  air 
through  the  fire  necessary  to  accomplish  the  combustion  of  the  fuel 
requisite  for  the  production  of  the  steam.  To  gain  a  sufficient  area 
of  fire-grate,  an  entirely  new  arrangement  of  engine  must  be 
adopted :  the  furnace  must  be  greatly  lengthened,  and  perhaps  it 
may  be  found  that  short  upright  tubes,  or  the  very  ingenious  ar- 
rangement of  Mr.  Dimpfell,  of  Philadelphia,  may  be  introduced 
with  advantage.  Upright  tubes  have  been  found  to  be  more 
effectual  in  raising  steam  than  horizontal  tubes;  but  the  tube 
plate  in  the  case  of  upright  tubes  would  be  more  liable  to  burn. 
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We  here  give  the  preceding  rules  in  formulas,  in  the  belief  that 
those  well  acquainted  with  algebraic  symbols  prefer  to  have  a  rule 
expressed  as  a  formula^i  as  thej  can  thus  see  at  once  the  different 
operations  to  be  performed.  In  the  following  formulas  we  denote 
the  diameter  of  the  cylinder  in  inches  by  D. 

LOCOMOTIVE  ENGINE. — ^PABTS  OF  THB  OTUNDEB. 

Area  of  induction  ports,  in  square  inches  »  *068  X  D^ 
Area  of  eduction  ports,  in  square  inches  =•  '128  X  D*. 
Breadth  of  bridge  between  ports  between  f  inch  and  1  inch. 

LOCOMOTIVE  ENGINE. — STARTS  OF  BOILER. 

Diameter  of  boiler,  in  inches  =  8*11  x  D. 
Length  of  boiler  between  8  feet  and  12  feet. 
Diameter  of  steam  dome,  inside,  in  inches  <=  1*43  X  D. 
Height  of  steam  dome  »  2|  feet. 
Diameter  of  safety  valve,  in  inches  =*  D  -i-  4, 
Diameter  of  valve  spindle,  in  inches  =■  -076  X  D. 
Diameter  of  chimney,  in  inches  —  D. 
Area  of  fire-grate,  in  square  feet  =■  '77  X  D. 
Area  of  heating  surface,  in  square  feet  «=  5  X  D*  -5-  2. 
Area  of  water  level,  in  square  feet  —  2*08  X  D. 
Cubical  content  of  water  in  boiler,  in  cubic  feet  =  9  X  D'  -^  40. 
Diameter  of  feed-pump  ram,  in  inches  =*  'Oil  X  D*. 
Cubical  content  of  steam  room,  in  cubic  feet  «  9  X  D*  -r-  40. 
Cubical  content  of  inside  fire-box  above  fire  bars,  in  cubic  feet » 
D«-5-4. 

Thickness  of  the  plates  of  boiler  =  f  inch. 

LOCOMOTIVE  ENGINE. — DIMENSIONS  OP  SEVERAL  PIPES. 

Inside  diameter  of  steam,  pipe,  in  inches  «  '03  X  D'. 
Inside  diameter  of  branch  steam  pipe,  in  inches  =  '021  X  D*. 
Inside  diameter  of  the  top  of  blast  pipe  =»  -017  X  D*. 
Inside  diameter  of  the  feed  pipes  «  •141  x  D. 

LOCOMOTIVE  ENGINE. — ^DIMENSIONS  OF  SEVERAL  MOVING  PARTS. 

Diameter  of  piston  rod,  in  inches  =  D  -i-  T. 

Thickness  of  piston,  in  inches  —  2  D  -r-  7. 

Diameter  of  connecting  rods  at  middle,  in  inches  »  -21  X  D. 

Diameter  of  the  ball  on  cross-head  spindle,  in  inches  »  '28  X  D. 

Diameter  of  the  inside  bearings  of  the  crank  axle,  in  inches  = 
•96  X  ^  D«.  

Diameter  of  the  plain  part  of  crank  axle,  in  inches  »«  *96  X  i^  D^ 

Diameter  of  the  outside  bearings  of  the  crank  axle,  in  inches  « 
^  -396  X  D». 

Diameter  of  crank  pin,  in  inches  =  '404  X  D. 

Length  of  crank  pin,  in  inches  »  *233  X  D. 
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Tablb  of  the  Pressure  of  Steamy  in  Inches  of  Mercury ^  at  dif- 
ferent Temperatures. 
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Tablb  of  tJie  Temperature  of  Steam  at  different  Pressures  in  At- 
mospheres. 
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90  ... 

91  ... 

92  ... 

93  ... 

94  ... 

95  ... 

96  ... 

97  ... 

98  ... 

99  ... 
100  ... 
110  ... 
120  ... 
130  ... 
140  ... 
150  ... 
160  ... 
170  ... 
180  ... 
190  ... 
200  ... 
210  ... 
212  ... 
802  ... 
392  ... 
482  ... 
672  ... 
680  ... 


1132 
1134 
1136 
1188 
1140 
1142 
1144 
1146 
1148 
1150 
1152 
1178 
1194 
1216 
1235 
1255 
1276 
1295 
1315 
1384 
1864 
1872 
1376 
1558 
1739 
1919 
2098 
2312 


STRENQTH  OF  MATERIALS. 


The  chief  materials,  of  which  it  is  necessary  to  record  the  strength 
in  this  place,  are  cast  and  malleable  iron ;  and  many  experiments 
haye  been  made  at  different  times  upon  each  of  these  substances, 
though  not  with  any  very  close  correspondence.  The  following  is 
a  siunmary  of  them : — 


lf«t«rialfl. 

0 

8 

£ 

M 

>r             .  r  from 

16300  \ 
36000/ 
60000 
80000 

8100 
9000 

69120000 
91440000 

6580000 
6770000 

Iron,  cast  i;^"™;;;;;;;;;;- 

Malleable 

Wire 

The  first  column  of  figures,  marked  C,  contains  the  mean  strength 
of  cohesion  on  an  inch  section  of  the  material ;  the  second,  marked 
S,  the  constant  for  transverse  strains ;  the  third,  marked  E,  the 
constant  for  deflections ;  and  the  fourth,  marked  M,  the  modulus 
of  elasticity.  The  introduction  of  the  hot  blast  iron  brought  with 
it  the  impression  that  it  was  less  strong  than  that  previously  in  use, 
and  the  experiments  which  had  previously  been  confided  in  as 
giring  results  near  enough  the  truth,  for  all  practical  purposes, 
were  no  longer  considered  to  be  applicable  to  the  new  state  of 
things.  New  experiments  were  therefore  made.  The  following 
Table  gives,  we  have  no  doubt,  results  as  nearly  correct  as  can  be 
required  or  attained : — 
f2 
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EESULTS  OF    EXPERIMENTS  ON    THE  STRENGTH   AND  OTHER  PRO- 
PERTIES OP  CAST  IRON. 

In  the  following  Table  each  bar  is  reduced  to  exactly  one  inch 
square ;  and  the  transverse  strength,  which  may  be  taken  as  a 
criterion  of  the  value  of  each  Iron,  is  obtained  from  a  mean  between 
the  experiments  upon  it; — first  on  bars  4  ft.  6  in,  between  the 
supports;  and  next  on  those  of  half  the  length,  or  2  ft.  3  in.  be- 
tween the  supports.  All  the  other  results  are  deduced  from  the 
4  ft.  6  in.  bars.  In  all  cases  the  weights  were  laid  on  the  middle 
of  the  bar. 


Diekenon't,  Newark,  N.  J 

Ponkey,  No.  8.  Cold  Blait 

DeTon,  No.  3.  Hot  Blwt* 

Oldberrr,  No.  8.  Hot  Blast 

Pattiaon,  N.  J.  Hot  Blart* 

Beaufort,  No.  3.  Hot  Blast 

PennflTlTanian 

Bute,  No.  1.  Cold  Blast 

Wind  MiU  Bnd,  No.  2.  Cold  Blast 
Old  Park,  No.  2.  Cold  Blast    •  •  • 

Beaufort,  No.  2.  Hot  Blast 

Low  Moor,  No.  2.  Cold  Blast-  •  •  • 
Bufferj,  No.  1.  Cold  Blast*   .••• 

Brimbo,  No.  2.  Cold  Blast 

Apedale,  No.  2.  Hot  Blast 

Oldberry,  No.  2.  Cold  Blast  •  •  •  • 

Pentwyn,  No.  2 

Maesteg,  No.  2 

Mulrkirk,  No.  1.  Cold  Blast*-  •  •  • 

AdelpH  No.  2.  Cold  Blast 

Blania,  No.  3.  Cold  Blast 

DeTOD,  No.  3.  Cold  Blast* 

Oartsherrie,  No.  3.  Hot  Blast  • 

Frood,  No.  2.  Cold  Blaat 

Lane  End,  No.  2. 

Oarron,  No.  8.  Cold  Blast* 

Dundyran,  No.  3.  Cold  Blast*  •  •  • 

Maesteg  (Marked  Red) 

CorbynsHall,  No.  2 

Pontypool,  No.  2 

WaUbrook,  No.  3 

Milton,  No.  3.  Hot  Blast 

Buffer;,  No.  1.  Hot  Blast* 

LeTel,  No.  1.  Hot  Blast 

Pant,  No.  2 

LeTel,  No.  2.  Hot  Blast 

W.8.8,No.2 

Eagle  Foundry.  No.  2.  Hot  Blast 

Elsicar,  Na  2.  Cold  Blast 

Varteg,  No.  2.  Hot  Blast 

Ooltham,  No.  1.  Hot  Blast 

CarroU,  No.  2.  Cold  Blast 

Muirkirk,  No.  1.  Hot  Blast*- . .  • 

Blerley,  No.2 

Coed-Talon,  No.  2.  Hot  Blast*  •  • 
Ooed-T&lon,  No.  2.  Cold  Blast*-  • 
Monkland.  No.  2.  Hot  Blast  -  •  •  • 
Ley's  Works,  No.  1.  Hot  Blast-  - 

Milton,  No.  1.  Hot  Blast 

Plaskynaston,  No.  3.  Hot  Blast  • 


7-030 

7122 

7-261 

7-300 

7-060 

7-068 

7-8 

7-066 

7-071 

7-049 

7-108 

7-056 

7-079 

7-017 

7-017 

7-069 

7-088 

7-038 

7-113 

7-080 

7-169 

7-286 

7-017 

7-031 

7-028 

7-094 

7-087 

7-038 

7-007 

7-080 

6-979 

7-061 

6-998 

7-080 

6-976 

7-031 

7-041 

7-088 

6-928 

7-007 

7128 

7-069 

6-958 

7-186 

6-969 

6-965 

6-916 

6-967 

6-970 

6-916 


il. 


18470000 
17211000 
22473650 
22783400 
17878100 
16802000 
16379500 
16163000 
16490000 
14607000 
16301000 
14609500 
16381200 
14911666 
14862000 
14307600 
16193000 
13969500 
14003650 
13816500 
14281466 
22907700 
13894000 
13112666 
15787666 
16246966 
16684000 
13971600 
13845866 
13136600 
16394766 
16852500 
13730600 
16462600 
16280900 
16241000 
14963333 
14211000 
12586600 
15012000 
16610066 
17036000 
13294400 
16156133 
14322500 
14304000 
12259500 
11539333 
11974500 
13341633 


?! 

lil 


■ss 

il 
-I 

111 


I* 


1-630 
1-747 
1-09 
1-006 
1-366 
1-699 
1-815 
1-764 
1-681 
1-621 
1-612 
1-862 
1-66 
1-748 
1-730 
1-811 
1484 
1-957 
1-734 
1-759 
1-726 
•790 
1-557 
1-825 
1-414 
1-336 
1-469 
1-887 
1.087 
1-867 
1-443 
1-368 
1-64 
1-516 
1-251 
1-368 
1-339 
1-512 
2-224 
1-460 
1-632 
1-231 
1-570 
1-222 
1-8S2 
1-470 
l-7fi2 
1-890 
1-525 
1-366 


Gray 

Whitish  grur 
White 
White 

WhiUsh  gray 
Dullish  gray 
Dark  gray 
Bluish  graj 
Dark  gray 
Gray 
Dull  gray 
Dark  gray 
Gray 

Light  gray 
Light  gray 
Dark  gray 
Bluish  gray 
Dark  gray 
Bright  gray 
Light  gray 
Bright  gray 
Light  gray 
Light  gray 
Light  gray 
Dark  gray 
Gray 

Dull  gray 
Bluish  gray 
Gray 
Dull  blue 
Light  gray 
Grar 
Dull  gray 
Light  gray 
Light  gray 
Dull  gray 
Light  gray 
Bluish  gray 
Gray 
Gray 
Whitish 
Gray 

Bluish  ^._ 
Dark  inray 
Bright 
Gray 
blui8h 
Bluish 
Gray 
Light 


gray 

tgray 

pray 
tigray 


The  irons  with  asterisks  are  taken  from  Experiments  on  Hot  and 
Cold  Blast  Iron. 
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RuLB. — To  find  from  the  above  Table  the  breaking  weight  in 

rectangular  bars,  generally.     Galling  b  and  d  the  breadth  and 

depth  in  inches,  and  { the  distance  between  the  supports,  in  feet, 

4-5  xbcP  S 
and  putting  4'5  for  4  ft.  6  in.,  we  have  j ■=  breaking 

weight  in  lbs., — ^the  value  of  S  being  taken  from  the  above  Table. 
Far  example: — What  weight  would  be  necessary  to  break  a  bar 
of  Low  Moor  Iron,  2  inches  broad,  8  inches  deep,  and  6  feet  be- 
tween the  supports  ?  According  to  the  rule  given  above,  we  have 
6  =  2  inches,  d  «  3  inches,  I  =  6  feet,  S  =  472  from  the  Table. 

^      4-5  xbcPS      4-5  X  2  X  3«  X  472      ^^^^,^       ^   ^      , 
Then j « ^ —  6372  lbs.,  the  break- 


l 


6 


ing  weight. 

Tablb  of  the  Cohesive  Power  of  Bodies  whose  Cross  Sectional  Area^ 
equal  one  Square  Inch. 


Hbtals. 

Swedish  bur  iron 

Russian     do 

English      do 

Cast  steel 

Blistered  do 

Shear  do 

Wrought  copper 

Hard  gun-metal 

Cast  eopper 

Yellow  brass,  cast 

Cast  iron 

Tin,  cast 

Bismuth,  oast 

Lead,  cast 

Elastic  power  or  direct  tension  of  wrought  iron, 
medium  quality 


OolMfllTt  Power 
inlta. 


66,000 

69,470 

66,000 

134,266 

188,162 

127,682 

38,892 

86,868 

19,072 

17,968 

17,628 

4,786 

3,260 

1,824 

22,400 


Note. — A  bar  of  iron  is  extended  -000096,  or  nearly  one  ten- 
thonsandth  part  of  its  length,  for  every  ton  of  direct  strain  per 
square  inch  of  sectional  area. 


CENTRE  OF  GRAVITY. 

The  centre  of  gravity  of  a  body  is  that  point  within  it  which 
continually  endeavours  to  gain  the  lowest  possible  situation ;  or  it  is 
that  point  on  which  the  body,  being  freely  suspended,  will  remain 
at  rest  in  all  positions.  The  centre  of  gravity  of  a  body  does  not 
always  exist  within  the  matter  of  which  the  body  is  composed, 
there  being  bodies  of  such  forms  as  to  preclude  the  possibility  of 
this  being  the  case,  but  it  must  either  be  surrounded  by  the  con- 
stituent matter,  or  so  placed  that  the  particles  shall  be  symmetri- 
cally situated,  with  respect  to  a  vertical  line  in  which  the  position 
of  the  centre  occurs.  Thus,  the  centre  of  gravity  of  a  ring  is  not 
in  the  substance  of  the  ring  itself,  but,  if  the  ring  be  uniform,  it  will 
be  in  the  axis  of  its  circumscribing  cylinder ;  and  if  the  ring  varies 
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in  form  or  density,  it  will  be  situated  nearest  to  those  parts  where 
the  weight  or  density  is  greatest.  Varying  the  position  of  a  body 
will  not  cause  any  change  in  the  situation  of  the  centre  of  gravity ; 
for  any  change  of  position  the  body  undergoes  will  only  have  the 
effect  of  altering  the  directions  of  the  sustaining  forces,  which  will 
still  preserve  their  parallelism.  When  a  body  is  suspended  by  any 
other  point  than  its  centre  of  gravity,  it  will  not  rest  unless  that 
centre  be  in  the  same  vertical  line  with  the  point  of  suspension ; 
for,  in  every  other  position,  the  force  which  is  intended  to  insure 
the  equilibrium  will  not  directly  oppose  the  resultant  of  gravity 
upon  the  particles  of  the  body,  and  of  course  the  equilibrium  will 
not  obtain ;  the  directions  of  the  forces  of  gravity  upon  the  con- 
stituent particles  are  all  parallel  to  one  another  and  perpendicular 
to  the  horizon.  If  a  heavy  body  be  sustained  by  two  or  more 
forces,  their  lines  of  direction  must  meet  either  at  the  centre  of 
gravity,  or  in  the  vertical  line  in  which  it  occurs. 

A  body  cannot  descend  or  fall  downwards,  unless  it  be  in  such 
a  position  that  by  its  motion  the  centre  of  gravity  descends.  If  a 
body  stands  on  a  plane,  and  a  line  be  drawn  perpendicular  to  the 
horizon,  and  if  this  perpendicular  line  fall  within  the  base  of  the 
body,  it  will  be  supported  without  falling ;  but  if  the  perpendicular 
falls  without  the  base  of  the  body,  it  will  overset.  For  when  the 
perpendicular  falls  within  the  base,  the  body  cannot  be  moved  at  all 
without  raising  the  centre  of  gravity ;  but  when  the  perpendicular 
falls  without  the  base  towards  any  side,  if  the  body  be  moved 
towards  that  side,  the  centre  of  gravity  will  descend,  and  conse- 
quently the  body  will  overset  in  that  direction.  If  a  perpendicular 
to  the  horizon  from  the  centre  of  gravity  fall  upon  the  extremity 
of  the  base,  the  body  may  continue  to  stand,  but  the  least  force 
that  can  be  applied  will  cause  it  to  overset  in  that  direction  ;  and 
the  nearer  the  perpendicular  is  to  any  side  the  easier  the  body  will 
be  made  to  fall  on  that  side,  but  the  nearer  the  perpendicular  is  to 
the  middle  of  the  base  the  firmer  the  body  will  stand.  If  the 
centre  of  gravity  of  a  body  be  supported,  the  whole  body  is  sup- 
ported, ana  the  place  of  the  centre  of  gravity  must  be  considered 
as  the  place  of  the  body,  and  it  is  always  in  a  line  which  is  perpen- 
dicular to  the  horizon. 

In  any  two  bodies,  the  common  centre  of  gravity  divides  the 
line  that  joins  their  individual  centres  into  two  parts  that  are  to 
one  another  reciprocally  as  the  magnitudes  of  the  bodies.  The 
products  of  the  bodies  multiplied  by  their  respective  distances  from 
the  common  centre  of  gravity  are  equal.  If  a  weight  be  laid 
upon  any  point  of  an  inflexible  lever  which  is  supported  at  the 
ends,  the  pressure  on  each  point  of  the  support  will  be  inversely 
as  the  respective  distances  from  the  point  where  the  weight  is 
applied.  In  a  system  of  three  bodies,  if  a  line  be  drawn  from  the 
centre  of  gravity  of  any  one  of  them  to  the  common  centre  of  the 
other  two,  then  the  common  centre  of  all  the  three  bodies  divides 
the  line  into  two  parts  that  are  to  each  other  reciprocally  as  the 
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magnitude  of  the  body  from  which  the  line  b  drawn  to  the  sum  of 
the  magnitudes  of  the  other  two ;  and,  consequently,  the  single  • 
body  multiplied  by  its  distance  from  the  common  centre  of  gravity 
is  equal  to  the  sum  of  the  other  bodies  multiplied  by  the  distance 
of  their  common  centre  from  the  c<Mnmon  centre  of  the  system. 

If  there  be  taken  any  point  in  the  straight  line  or  lever  joining 
the  centres  of  gravity  of  two  bodies,  the  sum  of  the  two  products 
of  each  body  multipUed  by  its  distance  from  that  point  is  equal  to 
the  product  of  the  sum  of  the  bodies  multiplied  by  the  distance  of 
their  common  centre  of  gravity  from  the  same  point.  The  two 
bodies  have,  therefore,  the  same  tendency  to  turn  the  lever  about 
the  assumed  point,  as  if  they  were  both  placed  in  their  common 
centre  of  gravity.  Or,  if  the  line  with  the  bodies  moves  about  the 
assumed  point,  the  sum  of  the  momenta  is  equal  to  the  momentum 
of  the  sum  of  the  bodies  placed  at  their  common  centre  of  gravity. 
The  same  property  holds  with  respect  to  any  number  of  bodies 
whatever,  and  also  wh^i  the  bodies  are  not  placed  in  the  line,  but 
in  perpendiculars  to  it  passing  through  the  bodies.  If  any  plane 
pass  through  the  assumed  point,  perpendicular  to  the  line  in  which 
it  subsists,  then  the  distance  of  the  common  centre  of  gravity  of 
all  the  bodies  from  that  plain  is  equal  to  the  sum  of  all  the 
momenta  divided  by  the  sum  of  all  the  bodies.  We  may  here 
specify  the  positions  of  the  centre  of  gravity  in  several  figures  of 
Yery  frequent  ooenirence. 

In  a  straight  line,  or  in  a  straight  bar  or  rod  of  uniform, figure 
and  density,  the  position  of  the  centre  of  gravity  is  at  the  middle 
of  its  length.  In  the  plane  of  a  triangle  the  centre  of  gravity  is 
situated  in  the  straight  line  drawn  from  any  one  of  the  angles  to 
the  middle  of  the  opposite  side,  and  at  two-thirds  of  this  line  dis- 
tant from  the  angle  where  it  originates,  or  one-third  distant  from 
the  base.  In  the  surface  of  a  trapezium  the  centre  of  gravity  is  in 
the  intersections  of  the  straight  lines  that  join  the  centres  of  the 
opposite  triangles  made  by  the  two  diagonals.  The  centre  of 
gravity  of  the  surface  of  a  parallelogram  is  at  the  intersection  of 
the  diagonals,  or  at  the  intersection  of  the  two  lines  which  bisect 
the  figure  from  its  opposite  sides.  In  any  regular  polygon  the 
centre  of  gravity  is  at  the  same  point  as  the  centre  of  magnitude. 
In  a  circular  arc  the  position  of  the  centre  of  gravity  is  distant 
from  the  centre  of  the  circle  by  the  measure  of  a  fourth  propor- 
tional to  the  arc,  radius,  and  chord.  In  a  semicircular  arc  the 
position  of  the  centre  of  gravity  is  distant  from  the  centre  by  the 
measure  of  a  third  proportional  to  the  arc  of  the  quadrant  and  the 
radius.  In  the  sector  of  a  circle  the  position  of  the  centre  of 
gravity  is  distant  from  the  centre  of  the  circle  by  a  fourth  propor- 
tional to  three  times  the  arc  of  the  sector,  the  chord  of  the  arc, 
and  the  diameter  of  the  circle^  In  a  circular  segment,  the  position 
of  the  centre  of  gravity  is  distant  from  the  centre  of  the  circle  by 
a  space  which  is  equal  to  the  cube  or  third  power  of  the  chord 
divided  by  twelve  times  the  area  of  the  segment.    In  a  semicircle 
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the  position  of  the  centre  of  gravity  is  distant  from  the  centre  of 
the  circle  by  a  space  which  is  equal  to  four  times  the  radius  divided 
by  the  constant  number  8*1416  X  3  »  9*4248.  In  a  parabola  the 
position  of  the  centre  of  gravity  is  distant  from  the  vertex  by 
three*fifths  of  the  axis.  In  a  semi-parabola  the  position  of  the 
centre  of  gravity  is  at  the  intersection  of  the  co-ordinates,  one  of 
which  is  parallel  to  the  base,  and  distant  from  it  by  two-fifths  of 
the  axis,  and  the  other  parallel  to  the  axis,  but  distant  from  it  by 
three-eighths  of  the  semi-base. 

The  centres  of  gravity  of  the  surface  of  a  cylinder,  a  cone,  and 
conic  frustum,  are  respectively  at  the  same  distances  from  the  origin 
as  are  the  centres  of  gravity  of  the  parallelogram,  the  triangle,  and 
the  trapezoid,  which  are  sections  passing  along  the  axes  of  the  re- 
spective solids.  The  centre  of  gravity  of  the  surface  of  a  spheric  seg* 
ment  is  at  the  middle  of  the  versed  sine  or  height.  The  centre  of 
gravity  of  the  convex  surface  of  a  spherical  sone  is  at  the  middle  of 
that  portion  of  the  axis  of  the  sphere  intercepted  by  its  two  bases. 
In  prisms  and  cylinders  the  position  of  the  centre  of  gravity  is  at  the 
middle  of  the  straight  line  that  joins  the  centres  of  gravity  of  their 
opposite  ends.  In  pyramids  and  cones  the  centre  of  gravity  is  in 
the  straight  line  that  joins  the  vertex  with  the  centre  of  gravity 
of  the  base,  and  at  three-fourths  of  its  length  from  the  vertex,  and 
one-fourth  from  the  base.  In  a  semisphere,  or  semispheroid,  the 
position  of  the  centre  of  gravity  is  distant  from  the  centre  by  three- 
eighthi^  of  the  radius.  In  a  parabolic  conoid  the  position  of  the 
centre  of  gravity  is  distant  from  the  base  by  one-third  of  the  axis, 
or  two-thirds  of  the  axis  distant  from  the  vertex.  There  are 
several  other  bodies  and  figures  of  which  the  position  of  the  centre 
of  gravity  is  known ;  but  as  the  position  in  those  cases  cannot  be 
defined  without  algebra,  we  omit  them. 

CENTRIPETAL  AND  CENTRIFUGAL  FORCES. 

Central  forces  are  of  two  kinds,  centripetal  and  centrifugal. 
Centripetal  f(yrce  is  that  force  by  which  a  body  is  attracted  or 
impelled  towards  a  certain  fixed  point  as  a  centre,  and  that  point 
towards  which  the  body  is  urged  is  called  the  centre  of  aUrcustvm 
or  the  centre  of  force.  Centrifugal  force  is  that  force  by  which  a 
body  endeavours  to  recede  from  the  centre  of  attraction,  and  from 
which  it  would  actually  fly  ofi*  in  the  direction  of  a  tangent  if  it 
were  not  prevented  by  the  action  of  the  centripetal  force.  These 
two  forces  are  therefore  antagonistic  ;  the  action  of  the  one  beins 
directly  opposed  to  that  of  the  other.  It  is  on  the  joint  action  of 
these  two  forces  that  all  curvilinear  motion  depends.  Circular  motion 
is  that  affection  of  curvilinear  motion  where  the  body  is  constrained 
to  move  in  the  circumference  of  a  circle :  if  it  continues  to  move  so 
as  to  describe  the  entire  circle,  it  is  denominated  rotatory  motion^  and 
the  body  is  said  to  revolve  in  a  circular  orbit,  the  centre  of  which  is 
called  the  centre  of  motion.  In  all  circular  motions  the  deflection 
or  deviation  from  the  rectilinear  course  is  constantly  the  same  at 
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every  point  of  the  orbit,  in  which  case  the  centripetal  aad  centri- 
fiigal  forces  are  equal  to  one  another.  In  circular  orbits  the  cen- 
tripetal forces,  by  which  equal  bodies  placed  at  equal  distances 
from  the  centres  of  force  are  attracted  or  drawn  towards  those 
centres,  are  proportional  to  the  quantities  of  matter  in  the  central 
bodies.  This  is  manifest,  for  since  all  attraction  takes  placo 
towards  some  particular  body,  every  particle  in  the  attracting  body 
must  produce  its  individual  effect ;  consequently,  a  body  containing 
twice  the  quantity  of  matter  will  exert  twice  the  attractive  energy, 
and  a  body  containing  thrice  the  quantity  of  matter  will  operate 
with  thrice  the  attractive  force,  and  so  on  according  to  the  quantity 
of  matter  in  the  attracting  body. 

Any  body,  whether  large  or  small,  when  placed  at  the  same  dis- 
tance from  the  centre  of  force,  is  attracted  or  drawn  through  equal 
spaces  in  the  same  time  by  the  action  of  the  central  body.  This 
18  obvious  from  the  consideration  that  although  a  body  two  or  three 
times  greater  is  urged  with  two  or  three  times  greater  an  attractive 
force,  yet  there  is  two  or  three  times  the  quantity  of  matter  to  be 
moved ;  and,  as  we  have  shown  elsewhere,  the  velocity  generated 
in  a  given  time  is  directly  proportional  to  the  force  by  which  it  is 
generated,  and  inversely  as  the  quantity  of  matter  in  the  moving 
or  attracted  body.  But  the  force  whicn  in  the  present  instance  is 
the  weight  of  the  body  is  proportional  to  the  quantity  of  matter 
which  it  contains ;  consequently,  the  velocity  generated  is  directly 
and  inversely'  proportional  to  the  quantity  of  matter  in  the 
attracted  body,  and  is,  therefore,  a  given  or  a  constant  quantity. 
Hence,  the  centripetal  force,  or  force  towards  the  centre  of  the' 
eireolar  orbit,  is  not  measured  by  the  magnitude  of  the  revolving 
body,  but  only  by  the  space  which  it  describes  or  passes  over  in  a 
given  time.  When  a  body  revolves  in  a  circular  orbit,  and  is 
retained  in  it  by  means  of  a  centripetal  force  directed  to  the 
centre,  the  actual  velocity  of  the  revolving  body  at  every  point  of 
its  revolution  is  equal  to  that  which  it  would  acquire  by  falling 
perpendicularly  with  the  same  uniform  force  through  one-fourth  of 
the  diameter,  or  one-half  the  radius  of  its  orbit ;  and  this  velocity 
18  the  same  as  would  be  acquired  by  a  second  body  in  falling 
through  half  the  radius,  whilst  the  first  body,  in  revolving  in  its 
orbit,  describes  a  portion  of  the  circumference  which  is  equal  in 
length  to  half  the  diameter  of  the  circle.  Consequently,  if  a  body 
revolves  uniformly  in  the  circumference  of  a  circle  by  means  of  a 

Siven  centripetal  force,  the  portion  of  the  circumference  which  it 
escribes  in  any  time  is  a  mean  proportional  between  the  diameter 
of  the  circle  and  the  space  which  the  body  would  descend  perpen- 
dicularly in  the  same  time,  and  with  the  same  given  force  continued 
imiformly. 

The  periodic  time,  in  the  doctrine  of  central  forces,  is  the  time 
occupied  by  a  body  in  performing  a  complete  revolution  round  th^ 
centre,  when  that  body  is  constrained  to  move  in  the  circumference 
by  means  of  a  centripetal  force  directed  to  that  point ;  and  when 
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the  body  rerolves  in  a  circular  orbit,  the  periodic  time,  or  the 
time  of  performing  a  complete  revolution,  is  expressed  by  the  term 

fit  ^^y  and  the  velocity  or  space  passed  over  in  the  time  t  will  be  < 

^  d9\  in  which  expressions  d  denotes  the  diameter  of  the  circular 
orbit  described  by  the  revolving  body,  %  the  space  descended  in  any 
time  by  a  body  falling  perpenmcularly  downwards  with  the  same 
uniform  force,  t  the  time  of  descending  through  the  space,  %  and  »c 
the  circumference  of  a  circle  whose  diameter  is  unity.  If  several 
bodies  revolving  in  circles  round  the  same  or  different  centres  be 
retained  in  their  orbits  by  the  action  of  centripetal  forces  directed 
to  those  points,  the  periodic  times  will  be  directly  as  the  square 
roots  of  the  radii  or  distances  of  the  revolving  bodies,  and  inversely 
as  the  square  roots  of  the  centripetal  forces,  or,  what  is  the  same 
thing,  the  squares  of  the  periodic  times  are  directly  as  the  radii, 
and  inversely  as  the  centripetal  forces. 

CENTRE  or  OTRATtON. 

The  centre  of  gyration  is  that  point  in  which,  if  all  the  consti- 
tuent particles,  or  all  the  matter  contained  in  a  revolving  body,  or 
system  of  bodies,  were  concentrated,  the  same  angular  velocity 
would  be  generated  in  the  same  time  by  a  given  force  aeting  at  any 
place  as  would  be  generated  by  the  same  force  acting  similarly  on 
the  body  or  system  itself  according  to  its  formation. 

The  angular  motion  of  a  body,  or  system  of  bodies,  is  the  motion 
.of  a  line  connecting  any  point  with  the  centre  or  axis  of  motion, 
and  is  the  same  in  SH  parts  of  the  same  revolving  system. 

In  different  unconnected  bodies,  each  revolving  about  a  centre, 
the  angular  velocity  is  directly  proportional  to  the  absolute  velo- 
city, and  inversely  as  the  distance  ft-om  the  centre  of  motion ;  so 
that,  if  the  absolute  velocities  of  the  revolving  bodies  be  propor- 
tional to  their  radii  or  distances,  the  angular  velocities  will  be 
equal.  If  the  axis  of  motion  passes  thf  ough  the  centre  of  gravity, 
then  is  this  centre  called  the  principal  centre  of  gyration. 

The  distance  of  the  centre  of  gyration  from  the  point  of  suspen- 
sion, or  the  axis  of  motion  in  any  body  or  system  of  bodies,  is  a 
geometrical  mean  between  the  centres  of  gravity  and  oscillation 
from  the  same  point  or  axis ;  consequently,  having  found  the  dis- 
tances of  these  centres  in  any  proposed  cas6,  the  square  root  of 
their  product  will  give  the  distance  of  the  centre  of  gyration.  If 
any  part  of  a  system  be  conceived  to  be  collected  in  the  centre  <rf 
gyration  of  that  particular  part,  the  centre  of  gyration  of  the 
whole  system  will  continue  the  same  as  before ;  for  the  same  force  that 
moved  this  part  of  the  system  before  along  with  the  rest  will  move 
it  now  without  any  change ;  and  consequently,  if  each  part  of  the 
system  be  collected  into  its  own  particular  centre,  the  common 
centre  of  the  whole  system  will  continue  the  same.  If  a  circle  be 
described  about  the  centre  of  gravity  of  any  system,  and  the  axis 
of  rotation  be  made  to  pass  through  any  point  of  the  circumferencei 
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the  distance  of  the  centre  of  gyration  from  that  point  will  always 
be  the  same. 

If  the  periphery  of  a  circle  revolve  about  an  axis  passing  through 
the  centre,  and  at  right  angles  to  its  plane,  it  is  the  same  thing  as 
if  all  the  matter  were  collected  into  any  one  point  in  the  peri- 
phery. And  moreover,  the  plane  of  a  circle  or  a  disk  containing 
twice  the  quantity  of  matter  as  the  said  periphery,  and  having  the 
same  diameter,  will  in  an  equal  time  acquire  the  same  angular 
velocity.  If  the  matter  of  a  revolving  body  were  actually  to  be 
placed  in  the  centre  of  gyration,  it  ought  either  to  be  arranged  in 
the  circumference,  or  in  two  points  of  the  circumference  diametri- 
cally opposite  to  each  other,  and  equally  distant  from  the  centre 
of  motion,  for  by  this  means  the  centre  of  motion  will  coincide 
with  the  centre  of  gravity,  and  the  body  will  revolve  without  any 
lateral  force  on  any  side.  These  are  the  chief  properties  con- 
nected with  the  centre  of  gyration,  and  the  following  are  a  few  of 
the  cases  in  which  its  position  has  been  ascertained. 

In  a  right  line,  or  a  cylinder  of  very  small  diameter  revolving 
about  one  of  its  extremities,  the  distance  of  the  centre  of  gyration 
from  the  centre  of  motion  is  equal  to  the  length  of  the  revolving 
line  or  cylinder  multiplied  by  the  square  root  of  |.  In  the  plane 
of  a  eircle,  or  a  cylinder  revolving  about  the  axis,  it  is  equal  to  the 
radius  multiplied  by  the  square  root  of  ^.'  In  the  circumference 
of  a  circle  revolvbg  about  the  diameter  it  is  equal  to  the  radius 
multiplied  by  the  square  root  of  ^.  In  the  plane  of  a  circle 
revolving  about  the  diameter  it  is  equal  to  one-half  the  radius.  In 
a  thin  circular  ring  revolving  about  one  of  its  diameters  as  an  axis 
it  is  equal  to  the  radius  multiplied  by  the  square  root  of  }.  In  a 
solid  globe  revolving  about  the  diameter  it  is  equal  to  the  radius 
multiplied  by  the  square  root  of  {.  In  the  surface  of  a  sphere 
revolving  about  the  diameter  it  is  equal  to  the  radius  multiplied  by 
the  square  root  of  ).  In  a  right  cone  revolving  about  the  axis  it 
is  equal  to  the  radius  of  the  base  multiplied  by  the  square  root  of  ^, 
In  all  these  cases  the  distance  is  estimated  from  the  centre  of 
the  axis  of  motion.  We  shall  have  occasion  to  illustrate  these  prin- 
ciples when  we  come  to  treat  of  fly-wheels  in  the  construction  of 
the  different  parts  of  steam  engines. 

When  bodies  revolving  in  the  circumferences  of  different  circles 
are  retained  in  their  orbits  by  centripetal  forces  directed  to  the 
centres,  the  periodic  times  of  revolution  are  directly  proportional 
to  the  distances  or  radii  of  the  circles,  and  inversely  as  the  veloci- 
ties of  motion ;  and  the  periodic  times,  under  Uke  circumstances, 
are  directly  as  the  velocities  of  motion,  and  inversely  as  the  cen- 
tripetal forces.  If  the  times  of  revolution  are  equal,  the  velocities 
and  centripetal  forces  are  directly  as  the  distances  or  radii  of  the 
circles.  If  the  centripetal  forces  are  equal,  the  squares  of  the 
times  of  revolution  and  the  squares  of  the  velocities  are  as  the  dis- 
tances or  radii  of  the  circles.     If  the  times  of  revolution  are  as 
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the  radii  of  the  circles,  the  yelocities  will  be  equal,  and  the  cen- 
tripetal forces  reciprocally  as  the  radii. 

If  several  bodies  revolve  in  circular  orbits  round  the  same  or 
different  centres,  the  velocities  are  directly  as  the  distances  or 
radii,  and  inversely  as  the  times  of  revolution.  The  velocities  are 
directly  as  the  centripetal  forces  and  the  times  of  revolution.  The 
squares  of  the  velocities  are  proportional  to  the  centripetal  forces, 
and  the  distances  or  radii  of  the  circles.  When  the  velocities  are 
equal,  the  times  of  revolution  are  proportional  to  the  radii  of  the 
circles  in  which  the  bodies  revolve,  and  the  radii  of  the  circles  are 
inversely  as  the  centripetal  forces.  If  the  velocities  be  propor- 
tional to  the  distances  or  radii  of  the  circles,  the  centripetal  forces 
will  be  in  the  same  ratio,  and  the  times  of  revolution  will  be  equal. 

If  several  bodies  revolve  in  circular  orbits  about  the  same  or 
different  centres,  the  centripetal  forces  are  proportional  to  the  dis- 
tances or  radii  of  the  circles  directly,  and  inversely  as  the  squares 
of  the  times  of  revolution.  The  centripetal  forces  are  directly 
proportional  to  the  velocities,  and  inversely  as  the  times  of  revolu- 
tion. The  centripetal  forces  are  directly  as  the  squares  of  the 
velocities,  and  inversely  as  the  distances  or  radii  of  the  circles. 
When  the  centripetal  forces  are  equal,  the  velocities  are  propor- 
tional to  the  times  of  revolution,  and  the  distances  as  the  squares 
of  the  tynes  or  as  the  squares  of  the  velocities.  When  the  central 
forces  are  proportional  to  the  distances  or  radii  of  the  circles,  the 
times  of  revolution  are  equal.  If  several  bodies  revolve  in  circular 
orbits  about  the  same  or  different  centres,  the  radii  of  the  circles 
are  directly  proportional  to  the  centripetal  forces,  and  the  squares 
of  the  periodic  times.  The  distances  or  radii  of  the  circles  are 
directly  as  the  velocities  and  periodic  times.  The  distances  or 
radii  of  the  circles  are  directly  as  the  squares  of  the  velocities,  and 
reciprocally  as  the  centripetal  forces.  If  the  distances  are  equal, 
the  centripetal  forces  are  directly  as  the  squares  of  the  velocities, 
and  reciprocally  as  the  squares  of  the  times  of  revolution ;  the 
velocities  also  are  reciprocally  as  the  times  of  revolution.  The 
converse  of  these  principles  and  properties  are  equally  true ;  and 
all  that  has  been  here  stated  in  regard  to  centripetal  forces  is 
similarly  true  of  centrifugal  forces,  they  being  equal  and  contrary 
to  each  other. 

The  quantities  of  matter  in  all  attracting  bodies,  having  other 
bodies  revolving  about  them  in  circular  orbits,  are  proportional  to 
the  cubes  of  the  distances  directly,  and  to  the  squares  of  the  times 
of  revolution  reciprocally.  The  attractive  force  of  a  body  is 
directly  proportional  to  the  quantity  of  matter,  and  inversely  as 
the  square  of  the  distance.  If  the  centripetal  force  of  a  body 
revolving  in  a  circular  orbit  be  proportional  to  the  distance  from 
the  centre,  a  body  let  fall  from  the  upper  extremity  of  the  vertical 
diameter  will  reach  the  centre  in  the  same  time  that  the  revolving 
body  describes  one-fourth  part  of  the  orbit.  The  velocity  of  the 
descending  body  at  any  point  of  the  diameter  is  proportional  to 
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the  ordinate  of  the  circle  at  that  point ;  and  the  time  of  falling 
through  any  portion  of  the  diameter  is  proportional  to  the  arc  of 
the  circumference  whose  versed  sine  is  the  space  fallen  through. 
All  the  times  of  falling  from  any  altitudes  whatever  to  the  centre 
of  the  orbit  will  be  equal ;  for  these  times  are  equal  to  one-fourth 
of  the  periodic  times,  and  these  times,  under  the  specified  condi- 
tions, are  equal.  The  velocity  of  the  descending  body  at  the  centre 
of  the  circular  orbit  is  equal  to  the  velocity  of  the  revolving  body. 
These  are  the  chief  principles  that  we  need  consider  regarding 
the  motion  of  bodies  in  circular  orbits ;  and  from  them  we  are  led 
to  the  consideration  of  bodies  suspended  on  a  centre,  and  made  to 
revolve  in  a  circle  beneath  the  suspending  point,  so  that  when  the 
body  describes  the  circumference  of-  a  circle,  the  string  or  wire  by 
which  it  is  suspended  describes  the  surface  of  a  cone.  A  body  thus 
revolving  is  cidled  a  conical  pendulum^  and  this  species  of  pendu- 
lum, or,  as  it  is  usually  termed,  the  governor^  is  of  great  importance 
in  mechanical  arrangemionts,  being  employed  to  regulate  the  move- 
ments of  steam  engines,  water-wheels,  and  other  mechanism.  As 
we  shall  have  occasion  to  show  the  construction  and  use  of  this  in- 
strument when  treating  of  the  parts  and  proportions  of  engines,  we 
need  not  do  more  at  present  than  state  the  principles  on  which  its 
action  depends.  We  must,  however,  previously  say  a  few  words 
on  the  properties  of  the  simple  pendulum,  or  that  which,  being  sus- 
pended from  a  centre,  is  made  to  vibrate  from  side  to  side  in  the 
same  vertical  plane. 

PENDULUMS. 

If  a  pendulum  vibrates  in  a  small  circular  arc,  the  time  of  per- 
forming one  vibration  is  to  the  time  occupied  by  a  heavy  body  in 
falling  perpendicularly  through  half  the  length  of  the  pendulum  as 
the  circumference  of  a  circle  is  to  its  diameter.  All  vibrations  of 
the  same  pendulum  made  in  very  small  circular  arcs,  are  made  in 
very  nearly  the  same  time.  The  space  described  by  a  falling  body 
in  the  time  of  one  vibration  is  to  half  the  length  of  the  pendulum 
as  the  square  of  the  circumference  of  a  circle  is  to  the  square  of 
the  diameter.  The  lengths  of  two  pendulums  which  by  vibrating 
describe  similar  circular  arcs  are  to  each  other  as  the  squares  of 
the  times  of  vibration.  The  times  of  pendulums  vibrating  in  small 
circular  arcs  are  as  the  square  roots  of  the  lengths  of  the  pendulums. 
The  velocity  of  a  pendulum  at  the  lowest  point  of  its  path  is  pro- 
portional to  the  chord  of  the  arc  through  which  it  descends  to  ac- 
quire that  velocity.  Pendulums  of  the  same  length  vibrate  in  the 
same  time,  whatever  the  weights  may  be.  From  which  we  infer, 
that  all  bodies  near,  the  earth's  surface,  whether  they  be  heavy  or 
light,  will  fall  through  equal  spaces  in  equal  times,  the  resistance 
of  the  air  not  being  considered. 

The  lengths  of  pendulums  vibrating  in  the  same  time  in  different 
positions  of  the  earth's  surface  are  as  the  forces  of  gravity  in  those 
positions.  The  times  wherein  pendulums  of  the  same  length  will 
yibrate  by  different  forces  of  gravity  are  inversely  as  the  square 
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roots  of  the  forces.  The  lengths  of  pendulams  vibrating  in  dif- 
ferent places  are  as  the  forces  of  gravity  at  those  places  and  the 
squares  of  the  times  of  vibration.  The  times  in  which  pendulums 
of  any  length  perform  their  vibrations  are  directly  as  the  square 
roots  of  their  lengths,  and  inversely  as  the  square  roots  of  the  gravi- 
tating forces.  The  forces  of  gravity  at  different  places  on  the  earth's 
surface  are  directly  as  the  lengths  of  the  pendulums,  and  inversely 
as  the  squares  of  the  times  of  vibration.  These  are  the  chief  proper- 
ties of  a  simple  pendulum  vibrating  in  a  vertical  plane,  and  the  prin- 
cipal problems  that  arise  in  connection  with  it  are  the  following,  vis. : 

To  find  the  length  of  a  pendulum  that  shall  make  any  nufmber 
of  vibrations  in  a  given  time  ;  and  secondly,  having  given  the  length 
of  a  pendulum^  to  find  the  number  of  vibrations  it  will  make  in  any 
time  given. — These  are  problems  of  very  easy  solution,  and  the 
rules  for  resolving  them  are  simply  as  follow : — For  the  first,  the 
rule  is,  multiply  the  square  of  the  number  of  seconds  in  the  given 
time  by  the  constant  number  39*1015,  and  divide  the  product  by 
the  square  of  the  number  of  vibrations,  for  the  length  of  the 
pendulum  in  inches.  For  the  second,  it  is,  multiply  the  square  of 
the  number  of  seconds  in  the  giiren  time  by  the  constant  number 
39*1893,  divide  the  product  by  the  given  length  of  the  penduluai 
in  inches,  and  extract  the  square  root  of  the  quotient  for  the  num- 
ber of  vibrations  sought.  The  number  39*1015  is  the  length  of  a 
pendulufn  in  inches,  that  vibrates  seconds,  or  sizty  times  in  a  minute, 
in  the  latitude  of  Philadelphia. 

Suppose  a  pendulum  is  found  to  make  85  vibrations  in  a  minute; 
what  is  the  distance  from  the  centre  of  suspension  to  the  centre  of 
oscillation  ? 

Here,  by  the  rule,  the  number  of  seconds  in  the  given  time  is  60 ; 
hence  we  get  60  x  60  x  39*1015  =  140765*4,  which,  being  di- 
vided by  85  X  35  =  1225,  gives  140765*4  -«- 1225  =  114*9105 
inches  for  the  length  required. 

The  length  of  a  pendulum  between  the  centre  of  suspension  and 
the  centre  of  oscillation  is  Q^  inches ;  what  number  of  vibrations 
will  it  make  in  60  seconds  ? 

By  the  rule  we  have  60  X  60  X  89*1015  =  140765*4,  which, 
being  divided  by  64,  gives  140765*4  -«-  64  =  2199*46,  and  the 
square  root  of  this  is  2199*46  ^  46*9,  number  of  vibrations 
sought.  When  the  given  time  is  a  minute,  or  60  seconds,  as  in  the 
two  examples  proposed  above,  the  product  of  the  constant  number 
39*1015  by  the  square  of  the  time,  or  140765*4,  is  itself  a  constant 
quantity,  which,  being  kept  in  mind,  will  in  some  measure  facilitate  the 
process  of  calculation  in  all  similar  cases.  We  now  return  to  the 
consideration  of  the  conical  pendulum,  or  that  in  which  the  ball  re- 
volves about  a  vertical  axis  in  the  circumference  of  a  circular  plane 
which  is  parallel  to  the  horizon. 

CONICAL  PENDULUM. 

If  a  pendulum  be  suspended  from  the  upper  extremity  of  a  ver- 
tical axis,  and  be  made  to  revolve  about  that  axis  by  a  conical  mo- 
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tion,  which  constrains  the  revolving  body  to  move  in  the  circnm* 
ference  of  a  circle  whose  plane  is  parallel  to  the  horizon,  then  the 
time  in  which  the  pendulum  performs  a  revolution  about  the  axis 
can  easily  be  found. 

Let  CD  be  the  pendulum  in  question,  suspended  from  G,  the 
upper  extremity  of  the  vertical  axis  CD, 
and  let  the  ball  or  body  B,  by  revolving 
about  the  said  axis,  describe  the  circle  BE 
AH,  the  plane  of  which  is  parallel  to  the 
horizon ;  it  is  proposed  to  assign  the  time 
of  description,  or  the  time  in  which  the  body 
B  performs  a  revolution  about  the  axis  CD, 
at  the  distance  BD. 

Conceive  the  axis  CD  to  denote  the  weight  ^^ 
of  the  revolving  body,  or  its  force  in  the  di- 
rection  of  gravity;  then,  by  the  Compo- 
sition and  Resolution  of  Forces,  CB  will  denote  the  force  or 
tension  of  the  string  or  wire  that  retains  the  revolving  body  in 
the  direction  CB,  and  BD  the  force  tending  to  t&e  centre  of  the 
plane  of  revolution  at  D.  But,  by  the  general  laws  of  motion 
and  forces  previously  laid  down,  if  the  time  be  given,  the  space 
described  will  be  directly  proportional  to  the  force ;  but,  by  the 
laws  of  gravity,  the  space  fallen  perpendicularly  from  rest,  in  one 
second  of  time,  is  g  ^  16^  feet ;  consequently  we  have  CD  :  BD  :  : 

16^  :      ^' — ,  the  space  described  towards  D  by  the  force  in  BD 
CD 

in  one  second.     Consequently,  by  the  laws  of  centripetal  forces,  the 

periodic  time,  or  the  time  of  the  body  revolving  in  the  circle  BE  AH, 

is  expressed  by  the  term  ^-J--— .,  where  n  =«  3-1416,  the  circum- 

ference  of  a  circle  whose  diameter  is  unity ;  or  putting  t  to  denote 
the  time,  and  expressing  the  height  CD  in  feet,  we  get  t  =  6-2832 

CD 

,  or,  by  reducing  the  expf ession  to  its  simplest  form,  it 


4 


12x32j  

becomes  t  =  0*31986%/ CD,  where  CD  must  be  estimated  in  inches, 
and  t  in  seconds.  Here  we  have  obtained  an  expression  of  great 
simplicity,  and  the  practical  rule  for  reducing  it  may  be  expressed 
in  words  as  follows : 

Rule. — Multiply  the  square  root  of  the  height,  or  the  distance 
between  the  point  of  suspension  and  the  centre  of  the  plane  of  revo- 
lution, in  inches,  by  the  constant  fraction  0*31986,  and  the  product 
will  be  the  time  of  revolution  in  seconds. 

In  what  time  will  a  conical  pendulum  revolve  about  its  vertical 
axis,  supposing  the  distance  between  the  point  of  suspension  and 
the  centre  of  the  plane  of  revolution  to  be  39*1393  inches,  which  is 
the  length  of  a  simple  pendulum  that  vibrates  seconds  in  latitude 
51^  30^  ? 

The  square  root  of  89*1393  is  6*2561 ;  consequently,  by  the  rule, 
o2 


1 


186 


THE  PBACTICAL  MODEL  CALCULATOR. 


we  have,  6*2561  x  0-31986  «  2-0011  seconds  for  the  time  of  revo- 
latioa  sought.  It  conseqaently  revolves  30  times  in  a  minute,  as  it 
ought  to  do  by  the  theory  of  the  simple  pendulum. 

Bj  reversing  the  process,  the  height  of  the  cone,  or  the  distance 
between  the  point  of  suspension  and  the  centre  of  the  plane  of  revo- 
lution, corresponding  to  any  given  time,  can  easily  be  ascertained; 
for  we  have  only  to  divide  the  number  of  seconds  in  the  given  time 
by  the  constant  decimal  0*31986,  and  the  square  of  the  quotient 
will  be  the  required  height  in  inches.  '  Thus,  suppose  it  were  re- 
quired to  find  the  height  of  a  conical  pendulum  that  would  revolve 
30  times  in  a  minute.  Here  the  time  of  revolution  is  2  seconds  for 
60  -s-  30  «  2 ;  therefore,  by  division,  it  is  2  -h  0-31986  «  6-2527, 
which,  being  squared,  gives  6-2627  ■■  39-0961  inches,  or  the  length 
of  a  simple  pendulum  that  vibrates  seconds  very  nearly.  In  all 
conical  pendulums  the  times  of  revolution,  or  the  periodic  times,  are 
proportional  to  the  square  roots  of  the  heights  of  the  cones.  This 
is  manifest,  for  in  the  foregoing  equation  of  the  periodic  time  the 
numbers  6-2832  and  386^r  12  x  32},  are  constant  quantities,  con- 
sequently t  varies  as  \/CD. 

If  the  heights  of  the  cones,  or  the  distances  between  the  points 
of  suspension  and  the  centres  of  the  planes  of  revolution,  be  the 
same,  the  periodic  times,  or  the  times  of  revolution,  will  be  the 
same,  whatever  may  be  the  radii  of  the  circles  described  by  the  re- 


volving bodies.  This  will  be  clearly  understood  by  contemplating 
the  subjoined  diagram,  where  all  the  pendulums  Go,  G6,  G<?,  Gi,  ana 
Ccy  having  the  common  axis  GD,  will  revolve  in  the  same  time ;  and 
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if  they  are  all  in  the  same  vertical  plane  when  first  put  in  motion, 
they  will  continue  to  revolve  in  that  plane,  whatever  be  the  velocity, 
80  long  as  the  common  azifTor  height  of  the  cone  remains  the  same. 
This  will  become  manifest,  if  we  conceive  an  inflexible  bar  or  rod 
of  iron  to  pass  through  the  centres  of  all  the  balls  as  well  as  the 
common  axis,  for  then  the  bar  and  the  several  balls  must  all  revolve 
in  the  same  time ;  but  if  any  one  of  them  should  be  allowed  to  rise 
higher,  its  velocity  would  be  increased ;  and  if  it  descends,  the  ve- 
locity will  be  decreased. 

Half  the  periodic  time  of  a  conical  pendulum  is  equal  to  the 
time  of  vibration  of  a  simple  pendulum,  the  length  of  which  is 
equal  to  the  axis  or  height  of  the  cone ;  that  is,  the  simple  pendu- 
lum makes  two  oscillations  or  vibrations  from  side  to  side,  or  it 
arrives  at  the  same  point  from  which  it  departed,  in  the  same  time 
that  the  conical  pendulum  revolves  about  its  axis.  The  space 
descended  by  a  falling  body  in  the  time  of  one  revolution  of  the 
conical  pendulum  is  equal  to  3*1416'  multiplied  by  twice  the  height 
or  axis  of  the  cone.  The  periodic  time,  or  the  time  of  one  revo- 
lution is  equal  to  the  product  of  3*1416  \/  2  multiplied  by  the  time 
of  falling  through  the  height  of  the  cone.  The  weight  of  a  conical 
pendulum,  when  revolving  in  the  circumference  of  a  circle,  bears 
the  same  proportion  to  the  centrifugal  force,  or  its  tendency  to  fly 
off  in  a  straight  line,  as  the  axis  or  height  of  the  cone  bears  to  the 
radius  of  the  plane  of  revolution ;  consequently,  when  the  height 
of  the  cone  is  equal  to  the  radius  of  its  base,  the  centripetal  or 
centrifugal  force  is  equal  to  the  power  of  gravity. 

These  are  the  principles  on  which  the  action  of  the  conical  pen- 
dulum depends ;  but  as  we  shall  hereafter  have  occasion  to  con- 
sider it  more  at  large,  we  need  not  say  more  respecting  it  in  this 
place.  Before  dismissing  the  subject,  however,  it  may  be  proper  to 
put  the  reader  in  possession  of  the  rules  for  calculating  the  posi- 
tion of  the  centre  of  oscillation  in  vibrating  bodies,  in  a  few  cases 
where  it  has  been  (determined,  these  being  the  cases  that  are  of  the 
most  frequent  occurrence  in  practice. 

The  centre  of  oscillation  in  a  vibrating  body  is  that  point  in  the 
line  of  suspension,  in  which,  if  all  the  matter  of  the  system  were 
collected,  any  force  applied  there  would  generate  the  same  angular 
motion  in  a  given  time  as  the  same  force  applied  at  the  centre  of 
gravity.  The  centres  of  oscillation  for  several  figures  of  very  fre- 
quent use,  suspended  from  their  vertices  and  vibrating  flatwise,  are 
as  follow : — 

In  a  right  line,  or  parallelogram,  or  a  cylinder  of  very  small 
diameter,  the  centre  of  oscillation  is  at  two-thirds  of  the  length 
from  the  point  of  suspension.  In  an  isosceles  triangle  the  centre 
of  oscillation  is  at  three-fourths  of  the  altitude.  In  a  circle  it 
is  five-fourths  of  the  radius.  In  the  common  parabola  it  is 
five-sevenths  of  its  altitude.     In  a  parabola  of  any  order  it  is 

(q       ,   H )  X  altitude,  where  n  denotes  the  order  of  the  figure. 
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In  bodies  vibrating  laterally,  or  in  their  own  plane,  the  centres 
of  oscillation  are  situated  as  follows ;  namely,  in  a  circle  the  centre 
of  oscillation  is  at  three-fourt!hs  of  the  diameter ;  in  a  rectangle, 
suspended  at  one  of  its  angles,  it  is  at  two-thirds  of  the  diagonal ; 
in  a  parabola,  suspended  ^  by  the  vertex,  it  is  five-sevenths  of  the 
axis,  increased  by  one-third  of  the  parameter ;  in  a  parabola,  sus- 
pended by  the  middle  of  its  base,  it  is  four-sevenths  of  the  axis, 
increased  by  half  the  parameter;  in  the  sector  of  a  circle  it  is 
three  times  the  arc  of  the  sector  multiplied  by  the  radius,  and 
divided  by  four  times  the  chord ;  in  a  right  cone  it  is  four-fifths  of 
the  axis  or  height,  increased  by  the  quotient  that  arises  when  the 
square  of  the  radius  of  the  base  is  divided  by  five  times  the  height; 
in  a  globe  or  sphere  it  is  the  radius  of  the  sphere,  plus  the  leng£  of 
the  thread  by  which  it  is  suspended,  plus  the  quotient  that  arises 
when  twice  the  square  of  the  radius  is  divided  by  five  times  the  sum 
of  the  radius  and  the  length  of  the  suspending  thread.  In  all  these 
cases  the  distance  is  estimated  from  the  point  of  suspension,  and  since 
the  centres  of  oscillation  and  percussion  are  in  one  and  the  same 
point,  whatever  has  been  said  of  the  one  is  equally  true  of  the  other. 

THE  TEMPERATURE  AND  ELASTIC  FOROB  OT  STEAM. 

In  estimating  the  mechanical  action  of  steam,  the  intensity  of  its 
elastic  force  must  be  referred  to  some  known  standard  measure, 
such  as  the  pressure  which  it  exerts  against  a  square  inch  of  the 
surface  that  contains  it,  usually  reckoned  by  so  manv  pounds 
avoirdupois  upon  the  square  inch.  The  intensity  of  the  elastic 
force  is  also  estimated  by  the  inches  in  height  of  a  vertical  column 
of  mercury,  whose  weight  is  equal  to  the  pressure  exerted  by  the 
steam  on  a  surface  equal  to  the  base  of  the  mercurial  column.  It 
may  also.be  estimated  by  the  height  of  a  vertical  column  of  water 
measured  in  feet ;  or  generally,  the  elastic  force  of  any  fluid  may 
be  compared  with  that  of  atmospheric  air  when  in  its  usual  state  of 
temperature  and  density ;  this  is  equal  to  a  column  of  mercury  30 
inches  or  2}  feet  in  height. 

When  the  temperature  of  steam  is  increased,  respect  being  had 
to  its  density,  the  elastic  force,  or  the  effort  to  separate  the  parts 
of  the  con  taming  vessel  and  occupy  a  larger  space,  is  also  increased ; 
and  when  the  temperature  is  dinainished,  a  corresponding  and  pro- 
portionate diminution  takes  place  in  the  intensity  of  the  emanci- 
pating effort  or  elastic  power.  It  consequently  follows  that  there 
must  be  some  law  or  principle  connecting  the  temperature  of  steam 
with  its  elastic  force ;  and  an  intimate  acquaintance  with  this  law, 
in  so  far  as  it  is  known,  must  be  of  the  greatest  importance  in  all 
our  researches  respecting  the  theory  and  the  mechanical  operations 
of  the  steam  engine. 

To  find  a  theorem^  by  means  of  which  it  may  be  ascertained  when 
a  general  law  existSy  and  to  determine  what  that  law  is,  in  cases 
where  it  is  knotvn  to  obtain. — Suppose,  for  example,  that  it  is 
required  to  assign  the  nature  of  the  law  that  subsists  between  the 
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temperature  of  steam  and  its  elastic  force,  on  the  supposition  that 
the  elasticity  is  proportional  to  some  power  of  the  temperature, 
and  unaffected  by  any  other  constant  or  co-efficient,  except  the 
exponent  by  which  the  law  is  indicated.  Let  £  and  e  be  any  two 
yalues  of  the  elasticity,  and  T,  ty  the  corresponding  temperatures 
deducted  from  observation.  It  is  proposed  to  ascertain  the  powers 
of  T  and  ^  to  which  £  and  e  are  respectively  proportional.  Let  n 
denote  the  index  or  exponent  of  the  required  power ;  then  by  the 
conditions  of  the  proolem  admitting  that  a  law  exists,  we  get, 

T":  t* : :  £ :  e ;  but  by  the  principles  of  proportion,  it  is  -^  »  ~ ; 

and  if  this  be  expressed  logarithmically,  it  is  n  X  log.  --  as  log.  ^ 

and  by  reducing  the  equation  in  respect  of  n,  it  finally  becomes 
^  _  log,  e  -  log.  E 
log.  t  —  log.  T' 

The  theorem  that  we  have  here  obtained  is  in  its  form  suffi- 
ciently simple  for  practical  application ;  it  is  of  frequent  occur- 
rence in  physical  science,  but  especially  so  in  inquiries  respecting 
the  motion  of  bodies  moving  in  air  and  other  resisting  media ;  and 
it  is  even  applicable  to  the  determination  of  the  planetary  motions 
themselves.  The  process  indicated  by  it  in  the  case  that  we  have 
diosen,  is  simply.  To  divide  the  difference  of  the  logarithms  of  the 
elatticitiei  by  the  difference  of  the  logarithms  of  the  corresponding 
temperatures^  and  the  quotient  will  express  thaJt  power  of  the  tempe- 
rature to  which  the  elasticity  is  proportional. 

Take  as  an  example  the  following  data : — In  two  experiments  it 
was  found  that  when  the  temperature  of  steam  was  250*8  and 
843-6  degrees  of  Fahrenheit's  scale,  the  corresponding  elastic 
forces  were  59*6  and  238*4  inches  of  the  mercurial  column  respee- 
tirely.  From  these  data  it  is  required  to  determine  the  law  which 
oouDects  the  temperature  with  the  elastic  force  on  the  supposition 
that  a  law  does  actually  exist  under  the  specified  conditions.  The 
process  by  the  rule  is  as  follows : 

Greater  temperature,  843*6 log.  2*5852941 

Lesser  temperature,  250*8 log.  2*3984608 

Remainder =«  0'1868388 

Greater  elastic  force,  238*4 log.  2*3773063 

Lesser  elastic  force,  59*6 log.  1*7752463 

Remainder  «  0*6020600 

Let  the  second  of  these  remainders  be  divided  bv  the  first,  as 
directed  in  the  rule,  and  we  get  n  =  6020600  h-  1868833  =«  4-3998, 
the  exponent  sought.  Consequently,  by  taking  the  nearest  unit, 
for  the  sake  of  simplicity,  we  shall  have,  according  to  this  result, 
the  following  analogy,  viz. : 

T^^:t**:;E:e; 
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that  IS,  the  elasticities  are  proportional  to  the  4*4  power  of  the 
temperatures  very  nearly. 

Now  this  law  is  rigorously  correct,  as  applied  to  the  particular 
cases  that  furnished  it ;  for  if  the  two  temperatures  and  one  elas- 
ticity be  given,  the  other  el9Sticity  will  be  found  as  indidbted  by 
the  above  analogy ;  or  if  the  two  elasticities  and  one  temperature 
be  given,  the  other  temperature  will  be  found  by  a  similar  process. 
It  by  no  means  follows,  however,  that  the  principle  is  general,  nor 
could  we  venture  to  affirm  that  the  exponent  here  obtained  will 
accurately  represent  the  result  of  any  other  experiments  than 
those  from  which  it  is  deduced,  whether  the  temperature  be' higher 
or  lower  than  that  of  boiling  water ;  but  this  we  learn  from  it,  that 
the  index  which  represents  the  law  of  elasticity  is  of  a  very  high 
order,  and  that  the  general  equation,  whatever  its  form  may  be, 
must  involve  other  conditions  than  those  which  we  have  assumed  in 
the  foregoing  investigation.  The  theorem,  however,  is  valuable  to 
practical  men,  not  only  as  being  applicable  to  numerous  other 
branches  of  mechanical  inquiry,  but  as  leading  directly  to  the 
methods  by  which  some  of  the  best  rules  have  been  obtained  for 
calculating  the  elasticity  of  steam,  when  in  contact  with  the  liquid 
from  which  it  is  generated. 

We  now  proceed  to  apply  our  formula  to  the  determination  of  a 
general  law,  or  such  as  will  nearly  represent  the  class  of  experi- 
ments on  which  it  rests ;  and  for  this  purpose  we  must  first  assign 
the  limits,  and  then  inquire  under  what  conditions  the  limitations 
take  place,  for  by  these  limitations  we  must  in  a  great  measure  be 
guided  in  determining  the  ultimate  form  of  the  equation  which 
represents  the  law  of  elasticity. 

The  limits  of  elasticity  will  be  readily  assigned  from  the  follow- 
ing considerations,  viz. :  In  the  first  place,  it  is  obvious  that  steam 
cannot  exist  when  the  cohesive  attraction  of  the  particles  is  of 
greater  intensity  than  the  repulsive  energy  of  the  caloric  or  matter 
of  heat  interposed  between  them ;  for  in  this  case,  the  change  from 
an  elastic  fluid  to  a  solid  may  take  place  without  passing  through 
the  intermediate  stage  of  liquidity :  hence  we  infer  that  there  must 
be  a  temperature  at  which  the  elastic  force  is  nothing,  and  this 
temperature,  whatever  may  be  its  value,  corresponds  to  the  lower 
limit  of  elasticity.  The  higher  limit  will  be  discovered  by  similar 
considerations,  for  it  must  take  place  when  the  density  of  steam  is 
the  same  as  that  of  water,  which  therefore  depends  on  the  modvhu 
of  elasticity  of  water.  ^  The  modulus  of  elasticity  of  any  substance 
is  the  measure  of  its  elastic  force ;  that  of  water  at  60°  of  tempe- 
rature is  22,100  atmospheres.  Thus,  for  instance,  suppose  a  given 
quantity  of  water  to  be  •  confined  in  a  close  vessel  which  it  exactly 
fills,  and  let  it  be  exposed  to  a  high  degree  of  temperature,  then 
it  is  obvious  that  in  this  state  no  steam  would  be  produced,  and  the 
force  which  is  exerted  to  separate  the  parts  of  the  vessel  is  simply 
the  expansive  force  of  compressed  water ;  we  therefore  have  the 
following  proportion.     As  the  expanded  volume  of  water  is  to  the 
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qoantitj  of  expansion,  so  is  the  modulus  of  elasticity  of  water  to 
the  elastic  force  of  steam  of  the  same  density  as  water. 

Having  therefore .  assigned  the  limits  beyond  which  the  elastic 
force  of  steam  cannot  reach,  we  shall  now  proceed  to  apply  the 
principle  of  our  formula  to  the  determination  of  the  general  law  * 
which  connects  the  temperature  with  l;he  elastic  fdrce ;  and  for  this 
purpose,  in  ad^tion  to  the  notation  which  we  have  "already  laid 
down,  let  c  denote  some  constant  quantity  that  affects  the  elasticity, 
and  d  the  temperature  at  which  the  elasticity  vanishes ;  then  since 
this  temperature  must  be  applied  subtractively,  we  have  from  the 
foregoing  principle,  c  E  «  (T  —  «)•,  and  <?«=«(<•—  «)•.  From 
either  of  these  equations,  therefoi^,  the  constant  quantity  c  can 
be  determined  in  terms  of  the  rest  when  they  are  known ;  thus  we 

have  e  =:  i — 'Z   ' ,  and  c  ■=  LJI__L,  and  by  comparing  these 

two  independent  values  of  e^  the  value  of  n  becomes  known ;  for 

i — ~   ^-  *•  i— H-i.,  and  consequently 


E 


log,  e  -  log.  E  .^v 

log.  («  -  ^)  -  log.  (T  «  6). ^''^- 


In  this  equation  the  value  of  the  symbol  I  is  unknown ;  in  order 
therefor^  to  determine  it,  we  must  have  another  independent 
expression  for  the  value  of  n ;  and  in  order  to  this,  let  the  elasti- 
cities E  and  e  become  E'  and  e^  respectively;  while  the  corre- 
sponding temperatures  T  and  t  assume  the  values  T^  and  t' ;  then 

by  a  similar  process  to  the  above,  we  get  ^ —       '   ^  ^ — - — ^,  and 
log.  e'  —  log.  E'  /T»x 

"  "  log.  («'-»)-  iogr(T^^^  •  •  •  ^^> 

Let  the  equations  (A)  and  (B)  be  compared  with  each  other,  and 
we  shall  then  have  an  expression  involving  only  the  unknown 
quanti^  3,  for  it  must  be  understood  that  the  several  temperatures 
with  their  corresponding  elasticities  are  to  be  deduced  from  experi- 
ment ;  and  in  consequence,  the  law  that  we  derive  from  them  must 
be  strictly  empirical ;  thus  we  have 

log,  e  —  log.  E.  log,  e'  —  log.  E  .q. 

log.  (t -«)- log.  (T«  a)  ""log.  («'"-- «)- log.  (T'-«)  •  ;  ^  ^' 

We  have  no  direct  method  of  reducing  expressions  of  this  sort, 
and  the  usual  process  is  therefore  by  approximation,  or  by  the  rule 
of  tEiftl  and  error,  and  it  is  in  this  way  that  the  value  of  the  quan- 
tity a  must  be  found ;  and  for  the  purpose  of  performing  the  reduc- 
tion, we  shall  select  experiments  performed  with  great  care,  and 
may  consequently  be  considered  as  representing  the  law  of  elas- 
ticity with  very  great  nicety. 

T  «  212-0  Fahrenheit  E  «    29-8  inches  of  mercury. 
t  -  260-8  e  «    69-6 

T'«  298-4  E'=  119-2 

t'- 848-6  e'- 238-4 
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Therefore,  by  substitating  these  numbers  in  equation  (C),  and 
making  a  few  trials,  we  find  that  d  »  —  50^,  and  substituting  this 
in  either  of  the  equations,  (A)  or  (B),  we  get  n  =  6-08 ;  and 
finally,  by  substituting  these  values  of  B  and  n  in  either  of  the 
expressions  for  the  constant  quantity  <?,  we  get  c  «  64674730000, 
the  6-08  root  of  which  is  134-27  very  nearly ;  hence  we  have 

'-{^r  ■  ■  •(")■ 

Where  the  symbol  F  denotes  generally  the  elastic  force  of  the 
steam  in  inches  of  mercury,  and  t  the  corresponding  temperature 
in  degrees  of  Fahrenheit's  thermometer,  the  logarithm  of  the 
denominator  of  the  fraction  is  2*1279717,  which  may  be  used  as  a 
constant  in  calculating  the  elastic  force  corresponding  to  any  given 
temperature.  We  have  thus  discovered  a  rule  of  a  very  simple 
form ;  it  errs  in  defect ;  but  this  might  have  been  remedied  by 
assuming  two  points  near  one  extremity  of  the  range  of  experi- 
ment, and  two  points  near  the  other  extremity ;  and  by  substi- 
tuting the  observed  numbers  in  equation  (C),  different  constants 
and  a  more  correct  exponent  would  accordingly  have  been  obtained. 
Mr.  Southern  has,  by  pursuing  a  method  somewhat  analogous  to 
that  which  is  here  described,  found  his  experiments  to  he  very 
nearly  represented  by 

\  135-767  J 

But  even  here  the  formula  errs  in  defect,  for  he  has  found  it 
necessary  to  correct  it  by  adding  the  arbitrary  decimal  0-1;  and 
thus  modified,  it  becomes 

Our  own  formula  may  also  be  corrected  by  the  application  of 
some  arbitrary  constant  of  greater  magnitude ;  but  as  our  motive 
for  tracing  the  steps  of  investigation  in  the  foregoing  case  was  to 
exemplify  the  method  of  determining  the  law  of  elasticity,  our  end 
is  answered  ;  for  we  consider  it  a  very  unsatisfactory  thing  merely 
to  be  put  in  possession  of  a  formula  purporting  to  be  applicable  to 
some  particular  purpose,  without  at  the  same  time  being  put  in 
possession  of  the  method  by  which  that  formula  was  obtained,  and 
the  principles  on  which  it  rests.  Having  thus  exhibited  the  prin- 
ciples and  the  method  of  reduction,  the  reader  will  have  greater 
confidence  as  regards  the  consistency  of  the  processes  that  he  may 
be  called  upon  to  perform.  The  operation  implied  by  equation  (E) 
may  be  expressed  in  words  as  follows : — 

Rule. — To  the  given  temperature  in  degrees  of  Fahrenheit's 
thermometer  add  61*3  degrees  and  divide  the  sum  by  136'767 ;  to 
the  6*13  power  of  the  quotient  add  the  constant  fraction  ^,  and 
the  sum  will  be  the^  elastic  force  in  inches  of  mercury. 
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The  process  here*  described  is  that  which  is  performed  by  the 
rules  of  common  arithmetic ;  but  since  the  index  is  affected  by  a 
fraction,  it  is  difficult  to  perform  in  tftat  way :  we  must  therefore 
have  recourse  to  logarithms  as  the  only  means  of  avoiding  the  diffi- 
culty.    The  rule  adapted  to  these  numbers  is  as  foUoira : — 

Rule  for  Logarithms. — To  the  given  temperature  in  degrees 
of  Fahrenheit's  thermometer  add  51*8  degrees;  dietl,  from  the 
logarithm  of  the  sum  subtract  2*1327940  or  the  logarithm  of 
135*767,  the  denominator  of  the  fraction ;  multiply  the  remainder 
by  the  index  5*13,  and  to  the  natural  number  answering  to  the 
sum  add  the  constant  fraction  ^;  the  sum  will  be  the  elastic  force 
in  inches  of  mercury. 

If  the  temperature  of  steam'  be  250*8  degrees  as  indicated  by 
Fahrenheit's  thermometer,  what  is  the  corresponding  elastic  force 
in  inches  of  mercury  ? 

By  the  rale  it  is  250-3  +  51-3  »  801-6     log.  2-4794313 

constant  den.  =  135-767  log.  2-1327940  subtract 

r0mainder  »  0-8466373 

81*5  inverted 

17331865 
346687 
103991 

natural  number  60-013  log.  1-7782493 
If  this  be  increased  by  A,  we  set  60-118  inches  of  mercury  for 
the  elastic  force  of  steam  at  250-3  degrees  of  Fahrenheit. 

By  simply  reversing  the  process  or  transposing  equation  (E),  the 
temperature  corresponding  to  any  given  elastic  force  can  easily  be 
found ;  the  transformed  expression  is  as  follows,  viz. : 

t  =  135-767  (F  -  0-1)*^  -  51-3    ....  (F). 

Since,  in  consequence  of  the  complicated  index,  the  process  of 
calculation  cannot  easily  be  performed  by  common  arithmetic,  it  i^- 
needless  to  give  a  rule  for  reducing  the  equation  in  that  way ;  we 
shall  therefore  at  once  give  the  rule  for  performing  the  process  by 
logarithms. 

RuLE.^ — From  the  given  elastic  force  in  inches  of  mercury,  sub- 
tract the  constant  fraction  0*1 ;  divide  the  logarithm  of  the  remain- 
der by  5-13,  and  to  the  quotient  add  the  logarithm  2*1327940 ;  find 
the  natural  number  answering  to  the  sum  of  the  logarithms,  and 
from  the  number  thus  found  subtract  the  constant  51*3,  and  the 
remainder  will  be  the  temperature  sought. 

Supposing  the  elastic  force  of  steam  or  the  vapour  of  water  to 
be  equivalent  to  the  weight  of  a  vertical  column  of  mercury,  the 
height  of  which  is  288-4  inches ;  what  is  the  corresponding  tem- 
perature in  degrees  of  Fahrenheit's  thermometer  ? 

Here,  by  proceeding  as  directed  in  the  rule,  we  have  238-4  —  0-1 » 
R  18 
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1*8,  and  dmdinff  the  logarithm  of  this  remainder  hy  the  con- 
Btant  exponent  5*13,  we  get 
log.  288-8  -h  5-13       «    •  2-8771240  h-  513  -  0-4633770 
constant  co-efficient    -  135-767      -      -     log.  2-1827940  add 

natural  number  -894-61     -    -    -    log.  2-6961710  sum 

constant  temperature  —    51-8  subtract 

required  temperature  «  848-81  degrees  of  Fahrenheit's  ther- 
mometer. 

The  temperature  by  observation  is  848*6  degrees,  giving  a  differ- 
ence of  only  0*29  of  a  degree  in  defect.  For  low  temperature  w 
low  pressure  steam,  that  is,  steam  not  exceeding  the  simple  pfes- 
sure  of  the  atmosphere,  M.  Pambour  gives 

/t  +51-3  \**»* 
;.- 0-04948  +  ^55^     .         .     .(G). 

In  which  equation  the  symbol  p  denotes  the  pressure  in  pounds 
avoirdupois  per  square  inch,  and  t  the  temperature  in  degrees  of 
Fahrenheit's  thermometer.  When  this  expression  is  reduced  in 
reference  to  temperature,  it  is 

e- 165-7256  (/I -0-04948)  ^-51-8    .     .    .     .(H). 

The  formula  of  Tredgold  is  well  known.  The  equation,  in  its 
original  form,  is 

177/*-«  +  100.     •     .    .(I): 
where  /  denotes  the  elastic  force  of  steam  in  inches  of  mercury, 
and  t  the  temperature  in  degrees  of  Fahrenheit's  thermometer. 
The  same  formula,  as  modified  and  corrected  by  M.  Millet,  becomes 

179-0778/*  =  e  +  108  .    .    .    .  (K). 
Dr.  Young  of  Dublin  constructed  a  formula  which  was  adapted 
to  the  experiments  of  his  countryman  Dr.  Dalton :  it  assumed  a 
form  sufficiently  simple  and  elegant ;  it  is  thus  expressed — 

/ «(1  + 0.0029 0^  ....  (L): 

where  the  symbol /denotes  the  elastic  force  of  steam  expressed  in 
atmospheres  of  30  inches  of  mercury,  and  t  the  temperature  in 
degrees  estimated  above  212  of  Fahrenheit.  This  formula  is  not 
applicable  in  practice,  especially  in  high  temperatures,  as  it  deviates 
very  widely  and  rapidly  from  the  results  of  observation :  it  is 
chiefly  remarkable  as  being  made  the  basis  of  a  numerous  class  of 
theorems  somewhat  varied,  but  of  a  more  correct  and  satisfactory 
character.  The  Commission  of  the  French  Academy  represented 
their  experiments  by  means  of  a  formula  constructed  on  the  same 
principles :  it  is  thus  expressed — 

/=(1  +  0-7163e)*  .     .    .    .  (M): 
where /denotes  the  elastic  force  of  the  steam  expressed  in  atmo- 
spheres of  0*76  metres  or  29*922  inches  of  mercury,  and  t  the  tern- 


THB  STBAM  ENaiNB.  195 

perstore  estimated  above  100  degrees  of  the  centigrade  thermo- 
meter ;  but  when  the  same  formula  is  so  transformed  as  to  be 
expressed  in  the  usual  terms  adopted  in  practice,  it  is 

p -(0-2679  + 0-0067585 1)' .    .    .    .  (N): 

where  p  is  the  pressure  in  pounds  per  square  inch,  and  t  the  tem- 
]>erature  in  degrees  of  Fahrenheit's  scale,  estimated  above  212  or 
simple  atmospheric  pressure. 

The  committee  of  the  Franklin  Institute  adopted  the  exponent 
6,  and  found  it  necessary  to  change  the  constant  0-0029  into 
0*00333;  thus  modified,  they  represented  their  experiments  by 
the  equation 

'       p  =  (0-460467  +  0-00521478  if  ...    .  (0). 

By  combining  Dr.  Dalton's  experiments  with  the  mean  between 
those  of  the  French  Academy  and  the  Franklin  Institute,  we  obtain 
the  following  equations,  the  one  being  applicable  for  temperatures 
below  212  degrees,  and  the  other  for  temperatures  above  that 
point  as  far  as  50  atmospheres.  Thus,  for  low  pressure  steam, 
that  is,  for  steam  of  less  temperature  than  212,  it  is 

(t  +  175\7^ww 
387    ^        •    '    •    •  C^)- 
and  for  steam  above  the  temperature  of  212,  it  is 
,      ft  +  121\fl« 

In  consequence  therefore  of  the  high  and  imposing  authority 
from  which  these  formulas  are  deduced,  we  shall  adopt  them  in  aU 
our  subsequent  calculations  relative  to  the  steam  angine ;  and  in 
order  to  render  their  application  easy  and  familiar,  we  shall  trans- 
late them  into  rules  in  words  at  length,  and  illustrate  them  bv  the 
resolution  of  appropriate  numerical  examples;  and  for  the  sake  of 
a  systematic  arrangement,  we  think  proper  to  branch  the  subject 
into  a  series  of  problems,  as  follows : 

The  temperature  of  eteam  being  given  in  degrees  of  Fahrenheit's 
thermometer^  to  find  the  corresponding  elastic  force  in  inehes  of 
mercury. — The  problem,  as  here  propounded,  is  resolved  by  one  or 
other  of  the  last  two  equations,  and  the  process  indicated  by  the 
arrangement  is  thus  expressed : — 

Rule. — To  the  given  temperature  expressed  in  degrees  of 
Fahrenheit's  thermometer,  add  the  constant  temperature  175 ;  find 
the  logarithm  answering  to  the  sum,  from  which  subtract  the  con- 
stant 2-587711 ;  multiply  the  remainder  by  the  index  7-71807,  and 
the  product  will  be  the  logarithm  of  the  elastic  force  in  atmospheres 
of  80  inches  of  mercury  when  the  given  temperature  is  less  than 
212  degrees.  But  when  the  temperature  is  greater  than  212, 
increase  it  by  121 ;  then,  from  the  logarithm  of  the  temperature 
thus  increased,,  subtract  the  constant  logarithm  2*522444,  multiply 
the  remainder  by  the  exponent  6-42,  and  the  product  will  be  the 
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logarithm  of  the  elastic  force  in  atmospheres  of  80  inches  of  mer- 
curj;  which  heing  multiplied  by  80  will  give  the  force  in  inches, 
or  it  multiplied  by  14*76  the  result  will  be  expressed  in  pounds 
avoirdupois  per  square  inch. 

When  steam  is  generated  under  a  temperature  of  187  degrees  of 
Fahrenheit's  thermometer,  what  is  its  corresponding  elastic  force  in 
atmospheres  of  80  inches  of  mercury  7 

In  this  example,  the  given  temperature  is  less  than  212  degrees: 
it  will  therefore  be  resolved  by  the  first  clause  of  the  preceding 
rule,  in  which  the  additive  constant  is  175 ;  hence  we  get 

187  +  175  =»  862.. .log.  2-558709 
Constant  divisor  «  887... log.  2*587711  subtract 

9-970998  X  7-71307  -  9-778398 

And  the  corresponding  natural  number  is  0-5984  atmospheres,  or 
17 '802  inches  of  mercury,  the  elastic  force  required,  or  if  expressed 
in  pounds  per  square  inch,  it  is  0*5984  X  14*76  »  8*76  lbs.  very 
nearly.  If  the  temperature  be  250  degrees  of  Fahrenheit,  the  pro- 
cess is  as  follows : 

250  +  121  -  871...1og.  2-569374 
Constant  divisor  »  388... log.  2-522444  subtract 

0*046980  X  6-42  -  0*801291 

And  the  corresponding  natural  number  iq  2*0012  atmospheres,  or 
60-036  inches  of  mercury,  and  in  pounds  per  square  inch  it  is 
20012  X  14*76  —  29*54  lbs.  very  nearly. 

It  is  sometimes  convenient  to  express  the  results  in  inches  of 
mercury,  without  a  previous  determination  in  atmospheres,  and  for 
this  purpose  the  rule  is  simply  as  follows : 

BuLE.--— Multiply  the  given  temperature  in  degrees  of  Fahren- 
heit's thermometer  by  the  constant  coefficient  1-5542,  and  to  the 
product  add  the  constant  number  271*985;  then  from  the  loga- 
rithm of  the  sum  subtract  the  constant  logarithm  2*587711,  and 
multiply  the  remainder  by  the  exponent  7*71807 ;  the  natural  num- 
ber answering  to  the  product,  considered  as  a  logarithm,  will  give 
the  elastic  force  in  inches  of  mercury.  G^iis  answers  to  the  case 
when  the  temperature  is  less  than  212  degrees;  but  when  it  is 
above  that  point  proceed  as  follows : 

Multiply  the  given  temperature  in  degrees  of  Fahrenheit's  ther* 
mometer  by  the  constant  coefficient  1*69856,  and  to  the  product  add 
the  constant  number  205*526 ;  then  from  the  logarithm  of  the  sum 
subtract  the  constant  logarithm  2*522444,  and  multiply  the  re* 
mainder  by  the  exponent  6*42 ;  the  natural  number  answering  to 
the  product  considered  as  a  logarithtn,  will  give  the  elastic  force 
in  inches  of  mercury.  Take,  for  example,  the  temperatures  as 
assumed  above,  and  the  process,  according  to  the  nde,  is  as  fol- 
lows : 
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187  X  1-6542  i»  290-6854 
Constant  —  271-985  add 

Sum  «  562-6204...1og.  2-750216 
Constant  =  887 log.  2-587711  subtract 

0-162505  X  7-71807  « 1-258408 
And  the  natural  number  answering  to  this  logarithm  is  17*928  inches 
of  mercury.  By  the  preceding  calculation  the  result  is  17*802 ; 
the  slight  difference  arises  from  the  introduction  of  the  decimal  con- 
stants, which  in  consequence  of  not  terminating  at  the  proper  place 
are  taken  to  the  nearest  unit  in  the  last  figure,  but  the  process  is 
equally  true  notwithstanding.  For  the  higher  temperature,  we  get 
250  X  1-69866  «  424-640 

Constant  —  205-526  add 

Sum  =  630.166 log.  2-799456 

Constant  =  888 log.  2-522444  subtract 

0-277011  X  6-42  «  1-778410 
And  the  natural  number  answering  to  this  logarithm  is  60*036 
inches  of  mercury,  agreeing  exactly  with  the  result  obtained  as 
above. 

It  is  moreover  sometimes  convenient  to  express  the  force  of  the 
steam  in  pounds  per  square  inch,  without  a  previ#as  determination 
in  atmospheres  or  inches  of  mercury;  and  when  the  equations  are 
modified  for  that  purpose,  they  supply  us  with  the  following  process, 
viz.: 

Multiply  the  given  temperature  by  the  constant  coefiicient 
1*41666,  and  to  the  product  add  the  constant  number  247-9155; 
then,  from  the  logarithm  of  the  sum  subtract  the  constant  logarithm 
2-587711,  and  multiply  the  remainder  by  the  index  7*71807 ;  the 
natural  number  answering  to  the  product  will  give  the  pressure  in 
pounds  per  square  inch,  when  the  temperature  is  less  than  212  de- 
grees ;  but  for  all  greater  temperatures  the  process  is  as  follows : 

Multiply  the  given  temperature  by  the  constant  coefScient 
1*5209,  and  to  the  product  add  the  constant  number  184*0289 ; 
then,  from  the  logarithm  of  the  sum  subtract  the  constant  logarithm 
2-622444,  and  multiply  the  remainder  by  the  exponent  6*42 ;  the 
natural  or  common  number  answering  to  the  product,  will  express 
the  force  of  the  steam  in  pounds  per  square  inch.  If  any  of  these 
results  be  multiplied  by  the  decimal  0*7854,  the  product  will  be  the 
corresponding  pressure  in  pounds  per  circular  inch.  Taking,  there- 
fore, the  temperatures  previously  employed,  the  operation  is  as 
follows : 
187  X  1*41666  «  264*9155 

Constant  -»  247*9155  add 

Sum  «  512.8ai0.log.  2-709974 
Constant  =  887 log.  2-587711  subtract 

0122268  X  7-71807  ^0*942656 

b2 
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And  the  number  answering  to  this  logarithm  is  8-768  lbs.  per  square 
inch,  and  8-768  X  0-7854  —  6-8824  lbs.  per  circular  inch,  the  po- 
portion  in  the  two  cases  being  as  1  to  0*7554.  Again,  for  the 
higher  temperature,  it  is 

250  X  1-5209  -  380-2250 

Constant  «  184-0289  add 

Sum  -  564-2589 log.  2-751475 

Constant  »  883 log.  2-522444  subtract 

0-229031  X  6-42  ==  1-470279 

And  the  number  answering  to  this  logarithm  is  29*568  lbs.  per 
square  inch,  or  29568  X  0-7854  «  23-2226  lbs.  per  circular  inch. 

We  have  now  to  reverse  the  process,  and  determine  the  tempera- 
ture corresponding  to  any  given  power  of  the  steam,  and  for  this 
purpose  we  must  so  transpose  the  formulas  (P)  and  (Q),  as  to  express 
the  temperature  in  terms  of  the  elastic  force,  combined  with  given 
constant  numbers ;  but  as  it  is  probable  that  many  of  our  readers 
would  prefer  to  see  the  theorems  from  which  the  ndes  are  deduced, 
we  here  subjoin  them. 

For  the  lower  temperature,  or  that  which  does  not  exceed  the 
temperature  of  boiling  water,  we  get 

e^  249/^^- 175  .  .  .  .  (R). 

Where  t  denotes  the  temperature  in  degrees  of  Fahrenheit's  ther- 
mometer, and /the  elastic  force  in  inches  of  mercury,  less  than  30 
inches,  or  one  atmosphere ;  but  when  the  elastic  force  is  greater 
than  one  atmosphere,  the  formula  for  the  corresponding  temperature 
is  as  follows : 

t  -  196f^-  121  ...  .  (S). 

In  the  construction  of  these  formulas,  we  have,  for  the  sake  of 
simplicity,  omitted  the  fractions  that  obtain  in  the  coefficient  of/; 
for  since  they  are  very  small,  the  omission  will  not  produce  an  error 
of  any  consequence^;  indeed,  no  error  will  arise  on  this  account,  as 
we  retain  the  correct  logarithms,  a  circumstance  that  enables  the 
computer  to  ascertain  the  true  value  of  the  coefficients  whenever  it 
is  necessary  so  to  do ;  but  in  all  cases  of  actual  practice,  the  results 
derived  from  the  integral  coefficients  will  be  quite  sufficient.  The 
rule  supplied  by  the  equations  (R)  and  (S)  is  thus  expressed : 

When  the  elastic  force  is  less  than  the  pressure  of  the  atmosphere^ 
that  is,  less  than  80  inches  of  the  mercurial  column, — 

Rule. — Divide  the  logarithm  of  the  given  elastic  force  in  inches 
of  mercury,  by  the  constant  index  7*71307,  and  to  the  quotient  add 
the  constant  logarithm  2*396204;  then  from  the  common  or  natural 
number  answering  to  the  sum,  subtract  the  constant  temperature 
175  degrees,  and  the  remainder  will  be  the  temperature  sought  in 
degrees  of  Fahrenheit's  thermometer.  But  when  the  elastic  force 
exceeds  30  inches,  or  one  atmosphere,  the  following  rule  applies : 
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Diyide  tte  logarithm  of  the  given  elastic  force  in  inches  of  mer- 
cury by  the  constant  index  642,  and  to  the  quotient  add  the  con- 
stant logarithm  2*292863 :  then,  from  the  natural  number  answer- 
ing to  the  sum  subtract  the  constant  temperature  121  degrees,  and 
the  remainder  will  be  the  temperature  sought.  Similar  rules  might 
be  constructed  for  determining  the  temperature,  when  the  pressure 
in  pounds  per  square  inch  is  given ;  but  since  this  is  a  less  usefbl 
case  of  the  problem,  we  have  thought  proper  to  omit  it.  We  there- 
fore proceed  to  exemplify  the  above  rules,  and  for  this  purpose  we 
shall  suppose  the  pressure  in  the  two  cases  to  be  equivalent  to  the 
weight  of  19  and  60  inches  of  mercury  respectively.  The  operations 
will  therefore  be  as  follows : 

Log.  19  -^  7-71807  =  1-278764  -*-  7-71307  »  0-165791 
Constant  coefficient  =»  249 log.  2-396204  add 

Natural  number  -  864-75 log.  2-561994 

Constant  temperature  «■  175      subtract 

Required  temperature  *=  189-75  degrees  of  Fahrenheit's  scale. 
For  the  higher  elastic  force  the  operation  is  as  follows : 

Log.  60  -«-  6-42  =  1-778151  -*-  6-42  -  0-276969 
Constant  coefficient  =  196 log.  2-292868  add 

Natural  number  —  870-97 log.  2-569832 

Constant  temperature  =»  121      subtract 

Required  temperature  »  249-97  degrees  of  Fahrenheit's  scale. 

All  the  preceding  results,  as  computed  by  our  rules,  agree  as 
nearly  with  observation  as  can  be  desired :  but  they  have  all  been 
obtained  on  the  supposition  that  the  steam  is  in  contact  with  the 
liquid  from  which  it  is  generated;  and  in  this  case  it  is  evident 
that  the  steam  must  always  attain  an  elastic  force  corresponding  to 
the  temperature ;  and  in  accordance  to  any  increase  of  pressure, 
supposing  the  temperature  to  remain  the  same,  a  quantity  of  it 
corresponding  to  the  degree  of  compression  must  simply  be  condensed 
into  water,  and  in  consequence  will  leave  the  diminished  space 
occnpied  by  steam  of  the  original  degree  of  tension ;  or  otherwise 
to  express  it,  if  the  temperature  and  pressure  invariably  correspond 
with  each  other,  it  is  impossible  to  increase  the  density  and  elas- 
ticity of  the  steam  except  by  increasing  the  temperature  at  the  same 
time ;  and,  contrariwise,  the  temperature  eannot  be  increased  with- 
out at  the  same  time  increasing  the  elasticity  and  density.  This 
being  admitted,  it  is  obvious  that  under  these  circumstances  the 
steam  must  always  maintain  its  maximum  of  pressure  and  density : 
but  if  it  be  separated  from  the  liquid  that  produces  it,  and  if  its 
temperature  in  this  case  be  increased,  it  will  be  found  not  to  possess 
a  higher  degree  of  elasticity  than  a  volume  of  atmospheric  air  simi- 
larly confined,  and  heated  to  the  same  temperature.  Under  this 
new  condition,  the  state  of  maximum  density  and  elasticity  ceases ; 
for  it  is  obvious  that  since  no  water  is  present^  there  cannot  be  any 
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more  steam  generated  by  an  increase  of  temperature ;  and  conse- 
quently the  force  of  the  steam  is  only  that  which  confines  it  to  its 
original  bulk,  and  is  measured  by  the  effort  which  it  exerts  to  ex- 
pand itself.  Our  next  object,  therefore,  is  to  inquire  what  is  the 
law  of  elasticity  of  steam  under  the  conditions  that  we  have  here 
specified. 

The  specific  gravity  of  steam,  its  density,  and  the  volume  which 
it  occupies  at  different  temperatures,  have  been  determined  by  ex- 
periment with  very  great  precision ;  and  it  has  also  been  ascertained 
that  the  expansion  of  vapour  by  means  of  heat  is  regulated  by  the 
same  laws  as  the  expansion  of  the  other  gases,  viz.  that  all  gases 
expand  from  unity  to  1*375  in  bulk  by  180  decrees  of  temperature; 
and  again,  that  steam  obeys  the  law  discovered  by  Boyle  and  Mari- 
otte,  contracting  in  volume  in  proportion  to  the  degree  of  pressure 
which  it  sustains.  We  have  therefore  to  inquire  what  space  a  given 
quantity  of  water  converted  into  steam  will  occupy  at  a  given  pres- 
sure ;  and  from  thence  we  can  ascertain  the  specific  gravity,  density, 
and  volume  at  all  other  pressures. 

When  a  ^as  or  vapour  is  submitted  to  a  constant  pressure,  the 
quantity  which  it  expands  by  a  given  rise  of  temperature  is  calcu- 
lated by  the  following  theorem, 

\t+  469/  ^  ^ 

where  t  and  f  are  the  temperatures,  and  t;,  t/  the  corresponding 
voluvies  before  and  after  expansion;  hence  this  rule. 

Rule. — To  each  of  the  temperatures  before  and  after  expansion, 
add  the  constant  experimental  number  459 ;  divide  the  greater  sum 
by  the  lesser,  and  multiply  the  quotient  by  the  volume  at  the  lower 
temperature,  and  the  product  will  give  the  expanded  volume. 

If  the  volume  of  steam  at  the  temperature  of  212  degrees  of  Fah- 
renheit be  1711  times  the  bulk  of  the  water  that  produces  it,  what 
will  be  its  volume  at  the  temperature  of  250*3  degrees,  supposing 
the  pressure  to  be  the  same  in  both  caaes  ? 

Here,  by  the  rule,  we  have  212  +  459  «  671,  and  250*3  +  469 
=  709-3 ;  consequently,  by  dividing  the  greater  by  the  lesser,  and 

709*3 
multiplying  by  the  given  volume,  we  get  -~-  X  1711  «  1808*66 

671 
for  the  volume  at  the  temperature  of  250*3  degrees. 

Again,  if  the  elastic  force  at  the  lower  temperature  and  the  cor- 
responding volume  be  given,  the  elastic  force  at  the  higher  tem- 
perature can  readily  be  found ;  for  it  is  simply  as  the  volume  the 
vapour  occupies  at  the  lower  temperature  is  to  the  volume  at  the 
higher  temperature,  or  what  it  would  become  by  expansion,  so  is  the 
elastic  force  given  to  that  required. 

If  the  volume  which  steam  occupies  under  any  given  pressure 
and  temperature  be  given,  the  volume  which  it  will  occupy  under 
any  proposed  pressure  can  readily  be  found  by  reversing  the  pre- 
ceding process,  or  by  referring  to  chemical  tables  containing  the 
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specific  gravity  of  the  gases  compared  with  air  as  unity  at  the  same 
pressure  and  temperature.  Now,  air  at  the  mean  state  of  the  at- 
mosphere has  a  specific  gravity  of  1}  as  compared  with  water  at 
1000 ;  and  the  bulks  are  inversely  as  the  specific  gravities,  accord- 
ing to  the  general  laws  of  the  properties  of  matter  previously  an- 
nounced ;  hence  it  follows  that  air  is  818  times  the  bulk  of  an 
equal  weight  of  water,  for  1000  h-  Ij  —  818-18.  But,  by  the 
experiments  of  Dr.  Balton,  it  has  been  found  that  steam  of  the 
same  pressure  and  temperature  has  a  specific  gravity  of  *625  com- 
pared with  air  as  unity ;  consequently,  we  have  only  to  divide  the 
number  818*18  by  *625,  and  the  quotient  will  give  the  propor- 
tion of  volume  of  the  vapour  to  one  of  the  liquid  from  which  it  is 
generated ;  thus  we  get  818*18  -i-  *625  » 1309 ;  that  is,  the  volume 
of  steam  at  60  degrees  of  Fahrenheit,  its  force  being  80  inches  of 
mercury,  is  1309  times  the  volume  of  an  equal  weight  of  water ; 
hence  it  follows,  from  equation  (T),  that  when  the  temperature  in- 
creases to  ify  the  volume  becomes 

^'  -  1309  X  (459  ^  60)  -  2*524(469  +  ^); 

and  from  this  expression,  the  volume  corresponding  to  any  specified 
elastic  force  /,  and  temperature  t'^  may  easily  be  found ;  for  it  is 
inversely  as  the  compressing  force :  that  is, 

/:80:  :  2*526(469  +  <'):v'; 
consequently,  by  working  out  the  analogy,  we  get 

.  ,  75-67(459  +  ^).  .  ,  .  .  ^^^ 

By  this  theorem  is  found  the  volume  of  steam  as  compared  with 
that  of  the  water  producing  it,  when  under  a  pressure  correspond- 
ing to  the  temperature.     The  rule  in  words  is  as  follows : 

KuLB. — Calculate  the  elastic  force  in  inches  of  mercury  by  the 
rule  already  given  for  that  purpose,  and  reserve  it  for  a  divisor. 
To  the  given  temperature  add  the  constant  number  459,  and  mul- 
tiply the  sum  by  75-67  ;  then  divide  the  product  by  the  reserved 
divisor,  and  the  quotient  will  give  the  volume  sought. 

When  the  temperature  of  steam  is  260*3  decrees  of  Fahrenheit's 
thermometer,  what  is  the  volume,  compared  with  that  of  water  ? 

The  temperature  being  greater  than  212  degrees,  the  force  is  cal- 
culated by  the  rule  to  equation  (Q),  and  the  process  is  as  follows : 

250*3  -f- 121  =  371*3  log.  2*5697249 
Constant  divisor  «  333     log.  2*5224442  subtract 

0*0472807  x6*42=»0*3035421 

Atmosphere  —  30  inches  of  mercury         log.  1*4771213  add 

Elastic  force  =  60*348  log.  1*7806634  ^ 

Again  it  is,  I      , 

469  +  250*3  «  709*3  log.  2*8508300  \    , ,  f  ^'*^- 

Constantcoefficient- 75*67  log.  1*8789237  /  *^^  4*7297537  J 
Volume  =  889*39  times  that  of  water,  log.  2*9490^03  re- 
mainder. 
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Thns  we  have  given  the  method  of  calculating  the  elastic  force 
of  steam  when  the  temperature  is  given  either  in  atmospheres  or 
inches  of  mercury,  and  also  in  pounds  or  the  square  or  circular 
inch :  we  have  also  reversed  the  process,  and  determined  the  tem- 
perature corresponding  to  any  given  elastic  force.  We  have, 
moreover,  shown  how  to  find  the  volume  corresponding  to  different 
temperatures,  when  the  pressure  is  constant ;  and,  finally,  we  have 
calculated  the  volume,  when  under  a  pressure  due  to  the  elastic 
force.  These  are  the  chief  subjects  of  calculation  as  regards  the 
properties  of  steam ;  and  we  earnestly  advise  our  readers  to  render 
themselves  familiar  with  the  several  operations.  The  calculations 
as  regards  the  motion  of  steam  in  the  parts  of  an  engine  to  produce 
power,  will  be  considered  in  another  part  of  the  present  treatise. 

The  equation  (U),  we  may  add,  can  be  exhibited  in  a  different 
form  involving  only  the  temperature  and  known  quantities;  for 
since  the  expressions  (P)  and  (Q)  represent  the  elastic  force  in  terms 
of  the  temperature,  according  as  it  is  under  or  above  212  degrees 
of  Fahrenheit,  we  have  only  to  substitute  those  values  of  the  elastic 
force  when  reduced  to  inches  of  mercury,  instead  of  the  symbol/ 
in  equation  (U),  and  we  obtain,  when  the  temperature  is  less  than 
212  degrees, 

Vol.=75-67(tem.+469)-^(-004016xtem.+-7028077™^.(V). 

and  when  the  temperature  exceeds  212  degrees,  the  expression  be- 
comes 

Vol.=75-67(tem.-l-459)H-005101xtem.+-617195)«-^  .  (W.) 

These  expressions  are  simple  in  their  form,  and  easily  reduced ; 
but,  in  pursuance  of  the  plan  we  have  adopted,  it  becomes  necessary 
to  express  the  manner  of  their  reduction  in  words  at  length,  as 
follows : 

Rule. — When  the  given  temperature  is  under  212  degrees,  mul- 
tiply the  temperature  in  decrees  of  Fahrenheit's  thermometer  by 
the  constant  fraction  '004016,  and  to  the  product  add  the  constant 
increment  «702807  ;  multiply  the  logarithm  of  the  sum  by  the  in- 
dex 7*71307,  and  find  the  natural  or  common  number  answering  to 
the  product,  which  reserve  for  a  divisor.  To  the  temperature  add 
the  constant  number  459,  and  multiply  the  sum  by  the  coefficient 
75*67  for  a  dividend ;  divide  the  latter  result  by  the  former,  and 
the  quotient  will  express  the  volume  of  steam  when  that  of  water  is 
unity. 

Again,  when  the  given  temperature  is  greater  than  212  degrees, 
multiply  it  by  the  fraction  '005101,  and  to  the  product  add  the 
constant  increment  -617195;  multiply  the  logarithm  of  the  sum 
by  the  index  6*42,  and  reserve  the  natural  number  answering  to 
the  product  for  a  divisor;  find  the  dividend  as  directed  above, 
which,  being  divided  by  the  divisor,  will  give  the  volume  of  steam 
when  that  of  the  water  is  unity. 

How  many  cubic  feet  of  steam  will  be  supplied  by  one  cubic  foot 
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« 

of  water,  under  the  respective  temperatures  of  187  and  293*4  de- 
grees of  Fahrenheit's  thermometer  ? 
Here,  by  the  rale,  we  have 

187x0-004016«0-760992 
Constant  incrementa«0*702807 

Sum  =1453799  log.  1625043  x  7-71307-1-2534069 
and  the  number  answering  to  this  logarithm  is  17*92284,  the  di- 
visor. But  187  +  459  «  646,  and  646  x  75-67  -  48882-82,  the 
diyidend ;  hence,  by  division,  we  get  48882*82  -s-  17*92284  = 
2727*4  cubic  feet  of  steam  from  one  cubic  foot  of  water. 
Again,  for  the  higher  teniperature,  it  is 

298*4  X  0-005101 « 1-496633 
Constant  increment  =  0-617195 

Sum  =  2-113828  log.  0-3250696x642=2-0869468; 
and  the  number  answering  to  this  logarithm  is  122-165,  the  divisor. 
But  293*4  +  469  =  752-4,  and  752-4  x  75*67  «  56934-108,  the 
dividend ;  therefore,  by  division,  we  get  56934*108  -r-  122-165  = 
466*04  cubic  feet  of  steam  from  one  cubic  foot  of  water. 

The  preceding  is  a  very  simple  process  for  calculating  the  volume 
which  the  steam  of  a  cubic  foot  of  water  will  occupy  when  under 
a  pressure  due  to  a  given  temperature  and  elastic  force ;  and  since 
a  knowledge  of  this  particular  is  of  the  utmost  importance  in  cal- 
culations connected  with  the  steam  engine,  it  is  presumed  that  our 
readers  will  find  it  to  their  advantage  to  render  themselves  familiar 
with  the  method  of  obtaining  it.  The  above  example  includes  both 
cases  of  the  problem,  a  circumstance  which  gives  to  the  operation, 
considered  as  a  whole,  a  somewhat  formidable  appearance :  but  it 
would  be  difficult  to  conceive  a  case  in  actual  practice  where  the 
application  of  both  the  formulas  will  be  required  at  one  and  the 
same  time ;  the  entire  process  must  therefore  be  considered  as  em- 
bracing only  one  of  the  cases  above  exemplified ;  and  consequently 
it  can  be  performed  with  the  greatest  facility  by  every  person  who 
is  acquainted  with  the  use  of  logarithms ;  and  those  unacquainted 
with  tne  application  of  logarithms  ought  to  make  themselves  masters 
of  that  very  simple  mode  of  computation. 

Another  thing  which  it  is  necessary  sometimes  to  discover  in 
reasoning  on  the  properties  of  steam  as  referred  to  its  action  in  a 
steam  engine,  is  the  weight  of  a  cubic  foot,  or  any  other  quantity 
of  it,  expressed  in  grains,  corresponding  to  a  given  temperature  and 
pressure.  Now,  it  has  been  ascertained  by  experiment,  that  when 
the  temperature  of  steam  is  60  degrees  of  Fahrenheit,  and  the 
pressure  equal  to  30  inches  of  mercury,  the  weight  of  a  cubic  foot 
in  grains  is  329*4 ;  but  the  weight  is  directly  proportional  to  the 
elastic  force,  for  the  elastic  force  is  proportional  to  the  density : 
consequently,  if/  denote  any  other  elastic  force,  and  w  the  weight 
in  grains  corresponding  thereto,  then  we  have 

30  :/::  829*4  :f£^- 10*98/, 
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the  ireigbt  of  a  cubic  foot  of  vapoar  at  the  force/,  and  temperature 
60  degrees  of  Fahrenheit.     Let  t  denote  the  temperature  at  the 

459  +  t       459  +  t 
force/;  then  by  equation  (T),  we  have  v  «  459  .f  60  ^     53^9    > 

the  Tolume  at  the  temperature  f,  supposing  the  volume  at  60  de- 
grees to  be  unity ;  that  is,  one  cubic  foot.  Now,  since  the  den- 
sities are  inversely  proportional  to  the  spaces  which  the  vapour  oc- 

(459  +  t)    ^  ,         619w       ^      ^      ^ 

cupies,  we  have  — cTq —  :  1 ::  to  :  w  '^  akq  4.  *  I  but  by  the 

preceding  analogy,  the  value  ot  to  is  10*98/;  therefore,  by  substi- 
tution, we  get 

,      5698^2/ 
^  "  459  +  i    •    •    •    •    W- 

This  equation  expresses  the  weight  in  grains  of  a  cubic  foot  of 
steam  at  the  temperature  t  and  force/;  and  if  we  substitute  the 
value  of  /,  from  equations  (P)  and  (Q),  reduced  to  inches  of  mer- 
cury, and  modified  for  the  two  cases  of  temperature  below  and 
above  212  degrees  of  Fahrenheit,  we  shall  obtain,  in  the  first  case, 

to'  =»  (0-012324  X  temp.  +  2-155611)^"" -i-  (temp.  +  459). . .  .(Y) 

and  for  the  second  case,  where  the  temperature  exceeds  212,  it  is 

w'  =  (0-01962  X  temp.  +  2-37374f «  -*-  (temp.  +  469)  .  .  .  (Z) 

These  two  equations,  like  those  marked  (Y)  and  (W)  are  suf- 
ficiently simple  in  their  form,  and  offer  but  little  difficulty  in  their 
application.  The  rule  for  their  reduction  when  expressed  in  words 
at  length,  is  as  follows : 

Rule. — When  the  temperature  is  less  than  212  degrees,  multi- 
ply the  given  temperature,  in  degrees  of  Fahrenheit's  thermometer, 
by  the  fraction  0*012324,  and  to  the  product  add  the  constant  in- 
crement 2*155611 ;  then  multiply  the  logarithm  of  the  sum  by  the 
index  7*71307,  and  from  the  product  subtract  the  logarithm  of  the 
temperature,  increased  by  459  ;  the  natural  number  answering  to 
the  remainder  will  be  the  weight  of  a  cubic  foot  in  grains. 

Again,  when  the  temperature  exceeds  212,  multiply  it  by  the 
fraction  0*01962,  and  to  the  product  add  the  constant  increment 
2*37374 ;  then  multiply  the  logarithm  of  the  sum  by  the  index  6*42, 
and  from  the  product  subtract  the  logarithm  of  the  temperature  in- 
creased by  459 ;  the  natural  number  answering  to  the  remainder 
will  be  the  weight  of  a  cubic  foot  in  grains. 

Supposing  the  temperatures  to  be  as  in  the  preceding  example, 
what  will  be  the  weight  of  a  cubic  foot  in  grains  for  the  two  cases? 

Here,  by  the  rule,  we  have 

187  X  0012824 « 2-804588 
Constant  increment  «■  2-166611 

Sum  »  4-460199  log.  0-6498642  X  7-71307  ^  5-0085143 
187  +  469  aa  646 log.  2-8102825,  subtraet 

Natoral  nomber  =a  167-863  grainB  per  cnbio  foot        log.  2-1982818 
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For  the  higher  temperature,  it  is 

2^-4  X  001962  s  5-766608 
(kmstont  increment  «  2-378740 

Sam  a  8*130248      log.  0*9101038  X  6*42  »  6*8428664 
298*4 -f  459  «K  762*4        ....        log.  2*8764488,  wibtract 

Natural  number  s  926*59  gr^ns  per  caMo  foot  .  log.  2*9664176 

Here  again  the  operation  resolves  both  cases  of  the  problem ; 

but  in  practice  only  one  of  them  can  be  required. 

THE  MOTION  OV  XLASTIO  VLXTIDB. 

The  next  subject  that  claims  our  attention  is  the  velocity  with 
which  elastic  fluids  or  vapours  move  in  pipes  or  confined  passages. 
It  is  a  well-known  fact  in  the  doctrine  of  pnenmaticsy  that  the  mo- 
tion of  free  elastic  fluids  depends  upon  the  temperature  and  pre&- 
Bore  of  the  atmosphere ;  and,  consequently,  when  an  elaatic  fluid 
is  confined  in  a  close  vessel,  it  must  be  similarly  circumstanced 
with  regard  to  temperature  and  pressure  as  it  would  be  in  an  at- 
mosphere competent  to  exert  the  same  pressure  upon  it.  The  sim- 
plest and  most  convenient  way  of  estimating  the  motion  of  an  elastic 
fluid  is  to  assign  the  height  of  a  column  of  uniform  density,  capable 
of  producing  the  same  pressure  as  that  which  the  fluid  sustains  in 
its  state  of  confinement ;  for  under  the  pressure  of  such  a  column, 
the  velocity  into  a  perfect  vacuum  will  be  the  same  as  that  acquired 
by  a  heavy  body  in  falling  through  the  height  of  the  homogeneous 
column,  a  proper  allowance  being  made  for  the  contraction  at  the 
aperture  or  orifice  through  which  the  fluid  flows. 

When  a  passage  is  opened  between  two  vessels  containing  fluids 
of  different  densities,  the  fluid  of  greatest  density  rushes  out  of  the 
vessel  that  contains  it,  into  the  one  containing  the  rarer  fluid,  and' 
the  velocity  of  influx  at  the  first  instant  of  the  motion  is  equal  to 
that  which  a  heavy  body  acquires  in  falling  through  a  certain 
height,  and  that  height  is  equal  to  the  difference  of  two  uniform 
columns  of  the  fluid  of  greatest  density,  competent  to  produce  the 
pressures  under  which  the  fluids  are  originally  confined  ;  and  the 
velocity  of  motion  at  any  other  instant  is  proportional  to  the  square 
root  of  the  difference  between  the  heights  of  the  uniform  columns 
producing  the  pressures  at  that  instant.  Hence  we  infer  that  the 
velocity  of  motion  continually  decreases,— the  density  of  the  fluids 
in  the  two  vessels  approaching  nearer  and  nearer  to  an  equality, 
and  after  a  certain  time  an  equilibrium  obtains,  and  the  velocity 
of  motion  ceases. 

It  is  abundantly  confirmed  by  observation  and  experiment,  that 
oblique  action  produces  very  nearly  the  same  effect  in  the  motion 
of  elastic  fluids  through  apertures  as  it  does  in  the  case  of  water ; 
and  it  has  moreover  been  ascertained  that  eddies  take  place  under 
similar  circumstances,  and  these  eddies  must  of  course  have  a  ten- 
dency to  retard  the  motion :  it  therefore  becomes  necessary,  in  all 
the  calculations  of  practice,  to  make  some  allowance  for  the  retard- 
ation that  tfJces  place  in  passing  the  orifice ;  and  this  end  is  most 
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convenientlj  answered  by  modifying  the  constant  coefficient  ac- 
cording to  the  natnre  of  the  aperture  through  which  the  motion 
is  made.  Numerous  experiments  have  been  made  to  ascertain  the 
eflfect  of  contraction  in  orifices  of  different  forms  and  under  dif- 
ferent conditions,  and  amongst  those  which  hare  proTcd  the  moat 
successful  in  this  respect,  we  maj  mention  the  experiments  of  Du 
Buat  and  Ejtelwein,  the  latter  of  whom  has  supplied  us  with  a 
series  of  coefficients,  which,  although  not  exclusivelj  applicable  to 
the  case  of  the  steam  engine,  yet,  on  account  of  their  extensire 
utility,  we  take  the  liberty  to  transcribe.     They  are  as  follow : — 

1.  For  the  velocity  of  motion  that  would  re- 
sult from  the  direct  unretarded  action  of 

the  column  of  the  fluid  that  produces  it,  we  

have 8V«%/679A 

2.  For  an  orifice  or  tube  in  the  form  of  the  

contracted  vein 10  V—  %/6084A 

8.  For  wide  openings  having  the  sill  on  a^ 
level  with  the  bottom  of  the  reservoir  ... 

4.  For  sluices  with  walls  in  a  line  with  the 
orifice 

5.  For  bridges  with  pointed  piers 

6.  For  narrow  openings  having  the  sill  on  a 
level  with  the  bottom  of  the  reservoir  . 


1 


10V«%/5929A 


7.  For  small  openings  in  a  sluice  with  side  i  ^^ tt        yAWcni 
walls p^  ^  "  v/47blA 

8.  For  abrupt  projections 

9.  For  bridges  with  square  piers J  

10.  Spr  openings  in  sluices  without  side  walls  10  Y  «  ^2601A 

11.  For  openings  or  orifices  in  a  thin  plate V  «*  \/26A 

12.  For  a  straight  tube  from  2  to  3  diameters  

in  length  projecting  outwards 10  Y  a  v^4225 

18.  For  a  tube  from  2  to  3  diameters  in  length 


projecting  inwards 10  V  =  %/2976-26A 

It  is  necessary  to  observe,  that  in  all  these  equations  Y  is  the 
velocity  of  motion  in  feet  per  second,  and  h  the  heieht  of  the  co- 
lumn producing  it,  estimated  also  in  feet.  Nos.  1,  2,  11,  12,  and 
13  are  those  which  more  particularly  apply  to  the  usual  passages 
for  the  steam  in  a  steam  engine ;  but  since  all  the  others  meet  their 
application  in  the  every-day  practice  of  the  civil  engineer,  we  have 
thought  it  useful  to  supply  them. 

MOTION  or  STEAM  IN  AN  ENGINE. 

We  have  already  stated  that  the  best  method  of  estimating  the 
motion  of  an  elastic  fluid,  such  as  steam  or  the  vapour  of  water,  is 
to  assign  the  height  of  a  uniform  column  of  that  fluid  capable  of 
producing  the  pressure :  the  determination  of  this  column  is  there- 
fore the  leading  step  of  the  inquiry ;  and  since  the  elastic  force  of 
steam  is  usually  reckoned  in  inches  of  mercury,  30  inches  being 
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equal  to  the  pressure  of  the  atmosphere,  the  sahject  presents  but 
little  difficulty ;  for  we  have  already  seen  that  the  height  of  a  co- 
lumn of  water  of  the  temperature  of  60  degrees,  balancing  a  column 
of  80  inches  of  mercury,  is  84*028  feet ;  the  corresponding  column 
of  steam  must  therefore  be  as  its  relative  bulk  and  elastic  force; 
hence  we  have  80  :  34-028  :fv:h^  l-1341/i;,  where  /  is  the 
elastic  force  of  the  steam  in  inches  of  mercury,  i;  the  correspond- 
ing volume  or  bulk  when  that  of  water  is  unity,  and  h  the  height 
of  a  uniform  column  of  the  fluid  capable  of  producing  the  pressure 
due  to  the  elastic  force ;  consequently,  in  the  case  of  a  direct  un- 
retarded  action,  the  velocity  into  a  perfect  vacuum,  according  to 
No.  1  of  the  preceding  class  of  formulas,  is  V  »  8*542  ^/f  v ;  but 
for  the  best  form  of  pipes,  or  a  conical  tube  in  form  of  the  con- 
tracted vein,  the  velodty  into  a  vacuum,  according  to  No.  2,  be- 
comes V  ™  8*807  V/  V ;  andjor  pipes  of  the  usual  construction, 
No.  12  rives  V  =  6-922  y/fv;  No.  18  gives  V  «  6-804  v^tT; 
and  in  the  case  of  a  simple  orifice  in  a  thin  plate,  we  get  from 
No.  11  V  =«  5-322  y/fv.  The  consideration  of  all  these  equa- 
tions may  occasionally  be  required,  but  our  researches  will  at  pre- 
sent be  limited  to  that  arising  from  No.  12,  as  being  the  best 
adapted  for  general  practice ;  and  for  the  purpose  of  shortening 
the  investigation,  we  shall  take  no  further  notice  of  the  case  in 
which  the  temperature  of  the  steam  is  below  212  degrees  of  Fah- 
renheit ;  for  the  expression  which  indicates  the  velocity  into  a  va- 
cuum being  independent  of  the  elastic  force,  a  separate  considera* 
tion  for  the  two  cases  is  here  unnecessary. 

It  has  been  shown  in  the  equation  marked  (F),  that  the  volume 
of  steam  which  is  generated  from  an  unit  of  water,  is  9  » 

75-67  (temp.  +  459)    ,       , .       ,        ^     ^        ^    .       \  ^     .   . 
^^ — J ^ ;  let  this  value  of  v  be  substituted  for  it  m 

the  equation  V  »  6*922  \/fvy  and  we  obtain  for  the  velocity  into 
a  vacuum  for  the  usual  form  of  steam  passages,  as  follows,  viz. : 

V  =  60-2148  ^/(temp.  +  459). 

This  IS  a  very  neat  and  simple  expression,  and  the  object  de- 
termined by  it  is  a  very  important  one :  it  therefore  merits  the 
reader's  utmost  attention,  especially  if  ho  is  desirous  of  becoming 
familiar  with  the  calculations  in  reference  to  the  motion  of  steam. 
The  rule  which  the  equation  supplies,  when  expressed  in  words  at 
length,  is  as  follows : — 

RuLB. — To  the  temperature  of  the  steam,  in  degrees  of  Fahren- 
heit's thermometer,  add  the  constant  number  or  increment  459,  and 
multiply  the  square  root  of  the  sum  by  60-2143 ;  the  product  will 
be  the  velocity  with  which  the  steam  rushes  into  a  vacuum  in  feet 
per  second. 

With  what  velocity  will  steam  of  298*4  degrees  of  Fahrenheit's 
thermometer  rush  into  a  vacuum  when  under  a  pressure  due  to  the 
elastic  force  corresponding  to  the  given  temperature. 
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By  the  role  it  is  298-4  +  459  »    752-4 }  log.  1-4882244 

Gonstaot  coefficient  s  60-2143 log.  1-7797018  add 

Velocity  into  a  Taouum  in  feet  per  second  »  1651-68 log.  8-2179262 

This  IB  the  velocity  into  a  perfect  vacunm,  when  the  motion  is 
made  through  a  straight  pipe  of  uniform  diameter ;  but  when  the 
pipe  is  alternately  enlarged  and  contracted,  the  velocity  must  ne> 
cessarily  be  reduced  in  proportion  to  the  nature  of  the  contraction; 
and  it  is  further  manifest,  that  every  bend  and  angle  in  a  pipe  will 
be  attended  with  a  correspondent  diminution  in  the  velocity  of  mo- 
tion :  it  therefore  behoves  us,  in  the  actual  construction  of  steam 
passages,  to  avoid  these  causes  o{  loss  as  much  as  possible ;  and 
where  they  cannot  be  avoided  altogether,  such  forms  should  be 
adopted  as  will  produce  the  smallest  possible  retarding  effect.  In 
cases  where  the  forms  are  limited  by  the  situation  and  conditions 
of  construction,  such  corrections  should  be  applied  as  the  circum- 
stances of  the  case  demand ;  and  the  amount  of  these  corrections 
must  be  estimated  according  to  the  nature  of  the  obstructions  them- 
selves. For  each  right-angled  bend,  the  diminution  of  velocity  is 
usually  set  down  as  being  about  one-tenth  of  its  unobstructed  value ; 
but  whether  this  conclusion  be  correct  or  not,  it  is  at  least  certain 
that  the  obstruction  in  the  case  of  a  right-angled  bend  is  much 
greater  than  in  that  of  a  gradually  curved  one.  It  is  a  very  com- 
mon thing,  especially  in  steam  vessels,  for  the  main  steam  pipe  to 
send  off  branches  at  right  angles  to  each  cylinder,  and  it  is  easy  to 
see  that  a  great  diminution  in  the  velocity  of  the  steam  must  take 
place  here.  In  the  expansion  valve  chest  a  further  obstruction 
must  be  met  with,  probably  to  the  extent  of  reducing  the  velocity 
of  the  steam  two-tenths  of  its  whole  amount. 

These  proportional  corrections  are  not  to  be  taken  as  the  results 
of  experiments  that  have  been  performed  for  the  purpose  of  deter- 
mining the  effect  of  the  above  causes  of  retardation:  we  have  no 
experiments  of  this  sort  on  which  reliance  can  be  placed ;  and,  in 
consequence,  such  elements  can  only  be  inferred  from  a  comparison 
of  the  principles  that  regulate  the  motion  of  other  fluids  under  simi- 
lar circumstances :  they  will,  however,  greatly  assist  the  engineer 
in  arriving  at  an  approximate  estimate  of  the  diminution  that  takes 
place  in  the  velocity  in  passing  any  number  of  obstructions,  when 
the  precise  nature  of  those  obstructions  can  be  ascertained.  In  the 
generality  of  practical  cases,  if  the  constant  coefficient  60*2143  be 
reduced  in  the  ratio  of  650  to  450,  the  resulting  constant  41-6868 
may  be  employed  without  introducing  an  error  of  any  consequence. 

01*  THE  ASCENT  OF  SMOKE  AND  HEATED  AIB  IN  CHIMNEYS. 

The  subject  of  chimney  flues,  with  the  ascent  of  smoke  and  heated 
air,  is  another  case  of  the  motion  of  elastic  fluids,  in  which,  by  a 
change  of  temperature,  an  atmospheric  column  assumes  a  different 
density  from  another,  where  no  such  alteration  of  temperature  oc- 
curs. The  proper  construction  of  chimneys  is  a  matter  of  very 
great  importance  to  the  practical  engineer,  for  in  a  dose  fireplftce. 
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designed  for  the  generation  of  steam,  there  must  be  a  considerable 
draaeht  to  accomplish  the  intended  purpose,  and  this  depends  upon 
the  ^ree  following  particulars,  viz. : 

1.  The  height  of  the  chimney  from  the  throat  to  the  top. 

2.  The  area  of  the  transyerse  section. 

8.  The  temperature  at  which  the  smoke  and  heated  air  are  al- 
lowed to  enter  it. 

The  formula  for  determining  the  power  of  the  chimney  may  be 
investigated  in  the  following  mannw : 

Put  A  »  the  height  in  feet  from  the  place  where  the  flue  enters 

to  the  top  of  the  chimney, 
h  »  the  number  of  cubic  feet  of  air  of  atmospheric  density 

that  the  chimney  must  discharge  per  hour, 
a  «  the  area  of  the  aperture  in  square  inches  through  which 

b  cubic  feet  of  air  must  pass  when  expanded  by  a 

change  of  temperature, 
V  «»  the  yelocity  of  ascent  in  feet  per  second, 
if  s  the  temperature  of  the  external  air,  and 
t  s  the  temperature  of  the  air  to  be  discharged  by  the 

chimney. 

Now  the  force  producing  the  motion  in  this  case  is  manifestly^ 
the  difference  between  the  weight  of  a  column  of  the  atmospheric 
air  and  another  of  the  air  discharged  by  the  chimney :  and  n^ben 
the  temperature  of  the  atmospheric  air  is  at  52  degrees  of  i^^hren- 
belt's  thermometer,  this  difference  will  be  indicated  by  the  term 

A  \ff   i  4597  ;  the  yelocity  of  ascent  will  therefore  be 

r  ■■    /64f  A  -j  w   ,  ^^Q  >  feet  per  second^  and  the  quantity  of  air 

discharged  per  second  wilJ  therefore  be,  a  J64  }«|       -  I 

supposing  that  there  is  no  contraction  in  the  stream  of  air ;  but  it 
is  found  by  experiment,  that  in  all  cases  the  contraction  that  takes 
place  diminishes  the  quantity  discharged,  by  about  three-eighths  of 
the  whole ;  consequently^  the  quantity  discharged  per  hour  in  cu- 
bic feet  becomes 

fAEH§ 

459* 

This  would  be  the  qaantity  discharged,  provided  there  were  no 
increase  of  Tolome  in  consequence  of  the  diiange  of  temperature ; 

:.    ^        .      J(«'  +  459),      , 
but  air  expands  from  b  to     .   ,  ^-q     for  r  —  <  degrees  of  tem- 
perature, as  has  been  shown  elsewhere ;  consequently,  by  compa- 
rison, ve  hare 

h{tf  +  459)      ^„^  „^      /A  (f  - 1) 


h  -  126-69  a^Y^ 
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From  this  equation,  therefore,  any  one  of  the  quantities  whieii 
it  involyes  can  be  found,  when  the  others  are  given :  it  howerer 
supposes  that  there  is  no  other  cause  of  diminution  but  the  contrae- 
tion  at  the  aperture ;  but  this  can  seldom  if  ever  be  the  case ;  for 
eddies,  loss  of  heat,  obstructions,  and  change  of  direction  in  the 
chimney,  will  diminish  the  yelocity,  and  consequently  a  larger  area 
will  be  required  to  suffer  the  heated  air  to  pass.  A  sufficient  al- 
lowance for  these  causes  of  retardation  will  be  made,  if  we  change 
the  coefficient  125-69  to  100 ;  and  in  this  case  the  equation  for  the 
area  of  section  becomes 

a  -  i  ^/(t'  +  459)*  -H  100  («  +  459)  s/k  {t!  -  t). 

And  if  we  take  the  mean  temperature  of  the  air  of  the  atmo- 
sphere at  52  degrees  of  Fahrenheit,  and  make  an  allowance  of  16 
degrees  for  the  difference  of  density  between  atmospheric  air  and 
coal  smoke,  our  equation  will  ultimately  assume  the  form 


a  «  6  ^(t'  +  459)»  ^  61100  yfhif!  -t-  16). 

It  has  been  found  by  experiment  that  200  cubic  feet  of  air  of  at- 
mospheric density  are  required  for  the  complete  combustion  of  one 
pound  of  coal,  and  the  consumption  of  ten  pounds  of  coal  per  hour 
is  usually  reckoned  equivalent  to  one  horse  power :  it  therefore  ap- 
pears that  2000  cubic  feet  of  air  per  hour  must  pass  through  the  &e 
for  each  horse  power  of  the  engine.  This  is  a  large  allowance,  but 
it  is  the  safest  plan  to  calculate  in  excess  in  the  first  instance ;  for 
the  chimney  may  afterwards  be  convenient,  even  if  considerably 
larger  than  is  necessary.  The  rule  for  reducing  the  equation  is  as 
follows : — 

RuLB. — Multiply  the  number  of  horse  power  of  the  engine  by 
the  i  power  of  the  temperature  at  which  the  air  enters  the  chimney, 
increased  by  459;  then  divide  the  product  by  25*55  times  the 
square  root  of  the  height  of  the  chimney  in  feet,  multiplied  by  the 
dijfference  of  temperature,  less  16  degrees,  and  the  quotient  will  be 
the  area  of  the  chimney  in  square  inches. 

Suppose  the  height  of  the  chimney  for  a  40-hors6  engine  to  be 
70  feet,  what  should  be  its  area  when  the  difference  between  the 
temperature  at  which  the  air  enters  the  flue,  and  that  of  the 
atmosphere  is  250  degrees  ? 

Here,  by  the  rule,  we  have, 

250  +  52  =  302,  the  temperature  at  which  the  air  enters 
Constant  increment  *»  459  [the  flue. 

Sum  *  761. log.  2-8813847 


2)8-6441541 

4-8220770 
Number  of  horse  power  ■=  40 log.  1-6020600 

6-9241370 
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5-9941870 
250  —  16  -  284  ...  .  log.  2-8692159 
height  —  70  feet  .  .  log.  1-8450980 

2)4-2143139 

2-1071569  \ 
CoMtant  =  25-55  .    .    lofr  1.4078909  /     .    .    .8-5145478 

Hence  the  area  of  the  chimney  in  square  inches  is  256*79,  log. 
2-4095892;  and  in  this  way  may  the  area  be  calculated  for  any 
other  case ;  bat  particular  care  must  be  taken  to  have  the  (}ata  ac- 
curately determined  before  the  calculation  is  begun.  In  the  above 
example  the  particulars  are  merely  asaumed ;  but  even  that  is  suffi- 
cient to  show  the  process  of  calculation^  which  is  more  immediately 
the  object  of  the  present  inquiry.  It  is  right,  however,  to  add, 
that  recent  experiments  have  greatly  shaken  the  doctrine  that  it  is 
beneficial  to  make  chimneys  small  at  the  top^  though  such  is  the 
way  in  which  they  are,  nevertheless,  still  constructed,  and  our  rules 
must  have  reference  to  the  present  practice.  It  appears,  however, 
that  it  would  be  the  best  way  to  make  chimneys  expand  as  they 
ascend,  after  the  manner  of  a  trumpet,  with  its  mouth  turned  down- 
wards :  but  these  experiments  require  further  confirmation. 

The  method  of  calculation  adopted  above  is  founded  on  the  prin- 
dple  of  correcting  the  temperature  for  the  difference  between  the 
specific  gravity  of  atmospheric  air  and  that  of  coal-smoke,  the  one 
being  unity  and  the  other  1-05  ;  there  is,  however,  another  method, 
somewhat  more  elegant  and  legitimate,  by  employing  the  specific 
gravity  of  coal-smoke  itself:  the  investigation  is  rather  tedious  and 
prolix,  but  the  resulting  formula  is  by  no  means  difficult ;  and  since 
both  methods  give  the  same  result  when  properly  calculated,  we 
make  no  further  apology  for  presenting  our  readers  with  another 
rule  for  obtaining  the  same  object.     The  formula  is  as  follows : 


b{e  +  459) 


'  / L 


2757-6     \A(e'- 77-65) 

where  a  is  the  area  of  the  transverse  section  of  the  chimney  in 
aqnare  inches,  b  the  quantity  of  atmospheric  air  required  for  .com- 
bustion of  the  coal  in  cubic  feet  per  hour,  h  the  height  of  the  chim- 
ney in  feet,  and  t^  the  temperature  at  which  the  air  enters  the  flue 
after  passing  through  the  fire.  The  rule  for  performing  this  pro- 
cess is  thus  expressed : 

BuLE. — From  the  temperature  at  which  the  air  enters  the  chim- 
ney, subtract  the  constant  decrement  77*55 ;  multiply  the  remainder 
by  the  height  of  the  chimney  in  feet,  divide  unity  by  the  product, 
and  extract  the  square  root  of  the  quotient  To  the  temperature 
of  the  heated  air,  add  the  constant  number  459 ;  multiply  the  sum 
by  the  number  of  cubic  feet  required  for  combustion  per  hour,  and 
divide  the  product  by  the  number  2757'5 ;  then  multiply  the  quo- 
tient by  the  square  root  found  as  above,  and  the  product  will  be  the 
number  of  square  inches  in  the  transverse  section  of  the  chimney. 
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Suppose  a  mass  of  fuel  in  a  state  of  combustion  to  r^oire  5000 
cnbic  feet  of  air  per  hour,  what  most  be  the  size  of  the  chimnej 
when  its  height  is  100  feet,  the  temperature  at  which  tbe  heated 
air  enters  the  chimnej  being  200  degrees  of  Fahrenheit's  ther- 
mometer ? 

By  the  rule  we  have  200— 77-66— 122-46  .  .  log,  2-0879588 
Height  of  the  chimney  «100.  .  .  .  log,  2-0000000 

4-0879588 

2)5-9120412 

7-9560206 
200+469-«659  .  .  .  log.  2-8188854) 

5000  .  .  ,  log.  8-6989700  Vadd  8-0778399 

2757-5  ar.  co,  log.  6-5594846  j        

1-0888606  10-798  in. 
This  appears  to  be  a  very  small  flue  for  the  quantity  of  air  that 
passes  through  it  per  hour ;  but  it  must  be  observed  that  we  have 
assumed  a  great  height  for  the  shaft,  which  has  the  effect  of  cre- 
ating a  very  powerful  draught,  thereby  drawing  off  the  heated  air 
with  great  rapidity. 

The  advantage  of  a  high  flue  is  so  very  great,  that  the  reader 
may  be  desirous  of  knowing  to  what  height  a  chimney  of  a  given 
base  may  be  carried  with  safety,  in  cases  where  it  is  inconvenient 
to  secure  it  with  lateral  stays ;  and,  as  an  approximate  rule  for  this 
purpose  is  not  difficult  of  investigation,  we  think  proper  to  supply 
it  here. 

When  the  chimney  is  equally  wide  throughout  its  whole  height, 
the  formula  is 


4 


156 


/12000-JA«^; 

but  when  the  side  of  the  base  is  double  the  size  of  the  top,  the 
equation  becomes  

Al2000-0-42Afe^; 

where  8  is  the  side  of  the  base  in  feet,  h  the  height,  and  m  the 
weight  of  one  cubic  foot  of  the  material.  When  the  chimney  stalk 
is  not  sqpiare,  but  longer  on  the  one  side  than  the  other,  8  must  be 
the  least  dimension.  The  proportion  of  solid  wall  to  a  given  base, 
as  sanctioned  by  experience,  is  about  two-thirds  of  its  area,  conse- 
quently to  ought  to  be  two-thirds  of  the  weight  of  a  cubic  foot  of 
brickwork.  Now,  a  cubic  foot  of  dried  brickwork  is,  on  an  average, 
114  lbs. ;  consequently  tr  »  76  lbs. ;  and  if  this  be  substituted  in 
the  foregoing  equations,  we  get  for  a  chimney  of  equal  size  through- 
out,   


-W: 


156 


1200 -25  A; 
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and  when  the  chimney  tapers  to  one-half  the  size  at  top,  it  is 


-Wi 


104 


/ 12000  -  82  A; 

where  it  may  he  remarked  that  12000  Ihs.  is  the  cohesive  force  of 
one  square  foot  of  mortar ;  and  in  the  investigation  of  the  formulas 
we  have  assumed  the  ereatest  force  of  the  wmd  on  a  square  foot 
of  surface  at  52  lbs.  These  equations  are  too  simple  in  tiieir  form 
to  require  elucidation  from  us;  we  therefore  leave  the  reduction  as 
an  exercise  to  the  reader,  who  it  is  presumed  will  find  no  difficull^ 
in  resolving  the  several  cases  that  may  arise  in  the  course  of  his 
practice. 

2gRatW 


"^DTi 


2ffK(L  +  R' 

IS  the  expression  given  by  M.  P^clet  for  the  velocity  of  smoke  in 
a  chimney.  Vj  the  velocity ;  ty  the  temperature,  whose  maximum 
value  is  about  800^  centi^ade ;  g  =  82^  feet ;  D,  the  diameter 
of  the  chimney;  H,  the  height;  L,  the  length  of  horizontal  flues, 
supposing  them  formed  into  a  cylinder  of  the  same  diameter 
as  that  of  the  chimney.  E  »  -0127  for  brick,  »  -005  for  sheet- 
iron,  and  B=  '0025  for  cast-iron  chimneys,  a  »  *00865. 
Let  L=60;   H«150;  D«5;  K«'005;  2^«64J;  <«300°; 

V2gRatD 
D+2aK(H+L)  "■  26-986  feet. 
A  cubic  foot  of  water  raised  into  steam  is  reckoned  equivalent  to 
a  horse  power,' and  to  generate  the  steam  with  sufScient  rapidity, 
an  allowance  of  one  square  foot  of  fire-bars,  and  one  square  yard 
of  effective  heating  surface,  are  very  commonly  made  in  practice, 
at  least  in  land  engines.  These  proportions,  however,  greatly  vary 
in  different  cases ;  and  in  some  of  the  best  marine  engine  boilers, 
where  the  area  of  fire-grate  is  restricted  by  the  breadth  of  the  ves- 
sel, and  the  impossibility  of  firing  long  furnaces  effectually  at  sea, 
half  a  square  foot  of  fire-grate  per  horse  power  is  a  very  common 
proportion.  Ten  cubic  feet  of  water  in  the  boiler  per  horse  power, 
and  ten  cubic  feet  of  steam  room  per  horse  power,  have  been  as- 
signed as  the  average  proportion  of  these  elements ;  but  the  fact  is, 
no  general  rule  can  be  formed  upon  the  subject,  for  the  proportions 
which  would  be  suitable  for  a  wagon  boiler  would  be  inapplicable 
to  a  tubular  boiler,  whether  marine  or  locomotive ;  and  good  ex- 
amples will  in  such  cases  be  found  a  safer  guide  than  rules  which 
must  often  give  a  false  result.  A  capacity  of  three  cubic  feet  per 
horse  power  is  a  common  enough  proportion  of  furnace-room,  and 
it  is  a  good  plan  to  make  the  mmaces  of  a  considerable  width,  as 
they  can  then  be  fired  more  effectually,  and  do  not  produce  so  much 
smoke  as  if  they  are  made  narrow.  As  regards  the  question  of 
draft,  there  is  a  great  difference  of  opinion  among  engineers  upon 
the  subject,  some  preferring  a  very  slow  draft  and  others  a  rapid 
one.     It  is  obvious  that  the  question  of  draft  is  virtually  that  of 
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the  area  of  fire-grate,  or  of  the  qnintttj  of  fori  oonaiUBied  upon  a 
given  area  of  grate  surface,  and  the  weight  of  fuel  burned  on  a  foot 
of  fire-grate  per  hour  varies  in  difierent  cases  in  practice  from  3^ 
to  80  lbs.  Upon  the  quickness  of  the  draft  again  hinges  the  ques- 
tion of  the  proper  thickness  of  the  stratum  of  incandewsent  fuel 
upon  the  grate ;  for  if  the«^ilraft  be  very  strong,  and  the  fire  at  the 
same  time  be  thin,  a  great  deal  of  uncombined  oxygen  will  escape 
up  through  the  fire,  and  a  needless  refrigeration  of  the  contents  of 
the  fines  will  be  thereby  occasioned;  whereas,  if  the  fire  be  thick, 
and  the  draft  be  sluggish,  much  of  the  useful  effect  of  the  coal  will 
be  lost  by  the  formation  of  carbonic  oxide.  The  length  of  the  cir- 
cuit made  by  the  smoke  varies  in  almost  every  boiler,  and  the  same 
may  be  said  of  the  area  of  the  flue  in  its  cross  section,  through 
which  the  smoke  has  to  pass.  As  an  average,  about  one-fifth  of 
the  area  of  fire-grate  for  the  area  of  the  flue  behind  the  bridge, 
diminished  to  half  that  amount  for  the  area  of  the  chimney,  has 
been  given  as  a  good  proportion,  but  the  examples  which  we  have 
given,  and  the  average  flue  area  of  the  boilers  which  we  shall 
describe,  may  be  taken  as  a  safer  guide  than  any  such  loose  state- 
ments. When  the  flue  is  too  long,  or  its  sectional  area  is  insuffi- 
cient, the  draft  becomes  insufficient  to  furnish  the  requisite  quantity 
of  steam ;  whereas  if  the  flue  be  too  short  or  too  large  in  its  area, 
a  large  quantity  of  the  heat  escapes  up  the  chimney,  and  a  depo- 
sition of  soot  in  the  flues  also  takes  place.  This  last  fault  is  one 
of  material  consequence  in  the  case  of  tabular  boilers  consuming 
bituminous  coal,  though  indeed  the  evil  might  be  remedied  by  block- 
ing some  of  the  tubes  up.  The  area  of  water-level  is  about  5  feet 
per  horse  power  in  land  boilers.  In  many  oafles,  however,  it  is 
much  less;  but  it  is  always  desirable  to  make  the  area  of  the  water- 
level  as  large  as  possible,  as,  when  it  is  contracted,  not  only  is  the 
water-level  subject  to  sudden  and  dangerous  fluctuations,  but  water 
is  almost  sure  to  be  carried  into  the  cylinder  with  the  steam,  in 
consequence  of  the  violent  agitation  of  the  water,  caused  by  the 
ascent  of  a  large  volume  of  steam  through  a  small  superficies.  It 
would  be  an  improvement  in  boilers,  we  think,  to  place  over  each 
furnace  an  inverted  vessel  immerged  in  the  water,  which  might 
catch  the  steam  in  its  ascent,  and  deliver  it  quietly  by  a  pipe  risiDg 
above  the  water-level.  The  water-level  wcmld  thus  be  preserved 
from  any  inconvenient  agitation,  and  the  weight  of  water  within  the 
boiler  would  be  diminished  at  the  same  time  Siat  the  original  depth 
of  water  over  the  furnaces  was  preserved.  It  would  also  be  an 
improvement  to  make  the  sides  of  the  furnaces  of  marine  boilers 
sloping,  instead  of  vertical,  aa  is  the  common  practice,  for  the  steam 
could  then  ascend  freely  at  the  instant  of  its  formation,  instead  of 
being  entangled  amons  the  rivets  and  landings  of  the  plates,  and 
superinducing  an  overheating  of  the  plates  by  preventing  a  free 
access  of  the  water  to  the  metal. 

We  have,  in  the  following  table,  collected  a  few  of  the  principal 
results  of  experiments  made  on  steam  boilers* 
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The  economical  effects  of  expaneion  will  be  found  to  be  very 
clearly  exbibited  in  the  next  table.  The  duties  are  recorded  in  the 
fifth  line  from  the  top,  and  the  degree  of  expansion  in  the  bottom 
line.  It  will  be  obseryed,  that  the  (»rder  in  which  the  different  en- 
gines stand  in  respect  of  superiority  of  duty  is  the  same  as  in  re- 
spect of  amount  of  expansion.  The  Holmbush  engine  has  a  duty 
of  140,484,848  lbs.  raised  1  foot  by  1  cwt.  of  coals,  and  the  steam 
acts  expansively  over  '88  of  the  whole  stroke ;  while  the  water- 
works' Cornish  engine  has  only  a  duty  of  105,664,118  lbs.,  and 
expands  the  steam  over  only  -687  of  the  whole  stroke.  Again, 
comparing  the  second  and  last  engines  together,  the  Albion  Mills 
engine  has  a  duty  of  25,756,752  lbs.,  and  no  expansive  action. 
The  water-works'  engine,  again,  acts  expansively  over  one-half  of 
its  stroke,  and  has  an  increased  duty  of  46,602,333  lbs.  Other 
causes,  of  course,  may  influence  these  comparisons,  especially  the 
last,  where  one  engine  is  a  double-acting  rotative  engine,  and  the 
other  a  single-acting  pumping  one ;  but  there  can  be  no  doubt  that 
the  expansive  action  in  the  latter  is  the  principal  cause  of  its  more 
economical  performance. 

The  heating  surface  per  horse  power  allowed  by  some  engineers 
»  about  9  square  feet  in  wagon  boilers,  reckoning  the  total  sur- 
face as  effective  surface,  if  the  boilers  be  of  a  considerable  size ; 
but  in  the  case  of  small  boilers,  the  proportion  is  larger.    The  total 
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heating  surface  of  a  two  horse  power  wagon  boiler  is,  according 
to  Fitzgerald's  proportions,  80  square  feet,  or  15  ft.  per  horse 
power ;  whereas,  in  the  case  of  a  45  horse  power  boiler  the  total 
heating  surface  is  488  square  feet,  or  9*6  ft.  per  horse  power. 
The  capacity  of  steam  room  is  8f  cubic  feet  per  horse  power,  in 
the  two  horse  power  boiler,  and  5f  cubic  feet  in  the  20  horse  power 
boiler;  and  in  the  larger  class  of  boilers,  such  as  those  suitable  for 
80  and  46  horse  power  engines,  the  capacity  of  the  steam  room 
does  not  fall  below  this  amount,  and  indeed  is  nearer  6  than  5f  cu- 
bic feet  per  horse  power.  The  content  of  water  is  18 J  cubic  feet 
per  horse  power  in  the  two  horse  power  boiler,  and  15  cubic  feet 
per  horse  power  in  the  20  horse  power  boiler.  In  marine  boilers 
about  the  same  proportions  obtain  in  most  particulars.  The  ori- 
ginal boilers  of  one  or  two  large  steamers  were  proportioned 
with  about  half  a  square  foot  of  fire  grate  ner  horse  power,  and  10 
square  feet  of  flue  and  furnace  surface,  recKoning  the  total  amount 
as  effective ;  but  in  the  boilers  of  other  vessels  a  somewhat  smaller 
proportion  of  heating  surface  was  adopted.  In  some  cases  we 
have  found  that,  in  their  marine  flue  boilers,  9  square  feet  of 
flue  and  furnace  surface  are  requisite  to  boil  off  a  cubic  foot  of 
water  per  hour,  which  is  the  proportion  that  obtains  in  some  land 
boilers ;  but  inasmuch  as  in  modern  engines  the  nominal  considera- 
bly exceeds  the  actual  power,  they  allow  11  square  feet  of  heating 
surface  per  nominal  horse  power  in  their  marine  boilers,  and  they 
reckon,  as  effective  heating  surface,  the  tops  of  the  flues,  and  the 
whole  of  the  sides  of  the  flues,  but  not  the  bottoms.  They  have 
been  in  the  habit  of  allowing  for  the  capacity  of  the  steam  space 
in  marine  boilers  16  times  the  content  of  the  cylinder ;  but  as  there 
are  two  cylinders,  this  is  equivalent  to  8  times  the  content  of  both 
cylinders,  which  is  the  proportion  commonly  followed  in  land  en- 
gines, and  which  agrees  very  nearly  with  the  proportion  of  between 
5  and  6  cubic  feet  of  steam  room  per  horse  power.  Taking,  for 
example,  an  engine  with  23  inches  diameter  of  cylinder  and  4  feet 
stroke,  which  will  be  18*4  horse  power — the  area  of  the  cylinder 
will  be  415-476  square  inches,  which,  multiplied  by  48,  the  number 
of  inches  in  the  stroke,  will  give  19942*848  for  the  capacity  of  the 
cylinder  in  cubic  inches ;  8  times  this  is  159542*784  cubic  inches, 
or  92*8  cubic  feet ;  92*8  divided  by  18*4  is  rather  more  than  5  cu- 
bic feet  per  horse  power.  There  is  less  necessity,  however,  that 
the  steam  space  should  be  large  when  the  flow  of  steam  from  the 
boiler  is  very  uniform,  as  it  will  be  where  there  are  two  engines  at- 
tached to  the  boiler  at  right  angles  with  one  another,  or  where  the 
engines  work  at  a  great  speed,  as  in  the  case  of  locomotive  engines. 
A  high  steam  chest  too,  by  rendering  boiling  over  into  the  steam 
pipes,  or  priming  as  it  is  called,  more  difficult,  obviates  the  neces- 
sity for  so  large  a  steam  space ;  and  the  use  of  steam  of  a  high 
pressure,  worked  expansively,  has  the  same  operation ;  so  that  in 
modem  marine  boilers,  of  the  tubular  construction,  where  the  whole 
of  these  modifying  circumstances  exist,  there  is  no  necessity  for  so 
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large  a  proportion  of  Bteam  room  as  5  or  6  cubic  feet  per  horse 
power,  and  about  balf  that  amount  more  nearly  represents  the 
general  practice.  Many  allow  0*64  of  a  square  foot  per  nomi- 
nal horse  power  of  grate  bars  in  their  marine  boilers,  and  a  good 
effect  arises  from  this  proportion ;  but  sometimes  so  large  an  aret 
of  fire  grate  cannot  be  conveniently  got,  and  the  proportion  of 
half  a  square  foot  per  horse  power  seems  to  answer  very  well  in 
engines  working  with  some  expansion,  and  is  now  v^ry  widely 
adopted.  With  this  allowance,  there  will  be  about  22  square  feet 
of  heating  surface  per  square  foot  of  fire  grate  ;  and  if  the  consump- 
tion of  fuel  be  taken  at  6  lbs.  per  nominal  horse  power  per  hour, 
there  will  be  12  lbs.  of  coal  consumed  per  hour  on  each  square  foot 
of  grate.  The  flues  of  all  flue  boilers  diminish  in  their  calorimeter 
as  they  approach  the  chimney ;  some  very  satisfactory  boilers  have 
been  made  by  allowing  a  proportion  of  0-6  of  a  square  foot  of  fire 
grate  per  nominal  horse  power,  and  making  the  sectional  area  of 
the  flue  at  the  largest  part  jth  of  the  area  of  fire  grate,  and  the 
smallest  part,  where  it  enters  the  chimney,  ^th  of  the  area  of  the 
fire  grate ;  but  in  some  of  the  boilers  proportioned  on  this  plan  the 
maximum  sectional  area  is  only  ^  or  ^,  according  to  the  purposes 
of  the  boiler.  These  proportions  are  retained  whether  the  boUer  is 
flue  or  tubular,  and  from  14  to  16  square  feet  of  tube  surface  is  al* 
lowed  per  nominal  horse  power ;  but  such  boilers,  although  they  may 
give  abundance  of  steam,  are  generally,  perhaps  needlessly,  bulky. 
We  shall  therefore  conclude  our  remarks  upon  the  subject  by 
introducing  a  table  of  the  comparative  evaporative  power  of  differ* 
ent  kinds  of  coal,  which  will  prove  useful,  by  affording  data  for  the 
comparison  of  experiments  u^on  different  boilers  when  different 
kinds  of  coal  are  used. 

Table  of  the  Comparative  Evaporative  Power  of  different  kind$ 

of  Coal. 


Nb. 


1 
2 
8 
4 
5 
6 
7 
8 
9 

10 
11 
12 


DaMripttoaofOiMliL 


Wtt«r«Tapo- 

ntod  por  lb. 

fOoftlc 


the  best  Welsh. 

Anthraoite  American 

The  best  small  Pittsburgh... 

Average  small  Newcastle 

PennsylTanian 

Coke  flrom  Gas-works 

Coke  and  Newcastle,  small,  }  and  J .... 
Welsh  and  Newcastle,  mixed  }  and  }... 
Derbyshire  and  smaU  Newcastte,  i  and  i 

ATcrage  large  Newcastle. 

Derbyshire 

Bljrthe  Main,  Northumberland 


9-498 
914 
8-526 
8074 
10-46 
7-908 
7-897 
7-865 
7-710 
7-668 
6-772 
6-600 


Strength  of  boilers. — The  extension  of  the  expansive  method  of 
employing  steam  to  boilers  of  every  denomination,  and  the  gradual 
introduction  in  connection  therewith  of  a  higher  pressure  than  for- 
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jDorly,  makes  the  question  of  the  strength  of  boilers  one  of  great 
and  increasing  importance.  This  topic  was  very  successfully  eluci- 
dated, a  few  years  ago,  by  a  committee  of  the  Franklin  Institute, 
Philadelphia,  and  we  shall  here  recapitulate  a  few  of  the  more  im- 
portant of  the  conclusions  at  which  they  arrived.  Iron  boiler  plate 
was  found  to  increaae  in  tenacity  as  its  temperature  was  raised,  un- 
til it  reached  a  temperature  of  550^  above  the  freezing  point,  at 
which  point  its  tenacity  began  to  diminish.  The  following  ts^ble 
exhibits  the  cohesive  strength  at  different  temperatures. 


At     S2^  to  80°  ike  tenaoily  was  ; 

At   570«  

At    720*  

At  1050*  

At  1240*^  

At  13170  

At  3QQQP  iron  becomes  flaid. 


66,000  lbs.,  or  l-7th  below  its  maximum. 
!  66,500  lbs.,  the  maximum. 
I  65,000  lbs.,  the  same  nearly  as  at  82<'. 
:  82,000  lbs.,  nearly  }  of  the  maximum. 
:  22,000  lbs.,  nearly  I  of  the  maximum. 
:    9,000  lbs.,  nearly  l-7th  of  the  maximum. 


The  difference  in  strength  between  strips  of  iron  cut  in  the  di- 
rection of  the  fibre,  and  strips  cut  across  the  grain,  was  found  to 
be  about  6  per  cent,  in  favour  of  the  former.  Repeated  piling  and 
welding  was  found  to  increase  the  tenacity  and  closeness  oi  the 
iron,  but  welding  together  different  kinds  of  iron  was  found  to  give 
an  unfavourable  result ;  riveting  plates  was  found  to  occasion  a 
diminution  in  their  strength,  to  t£e  extent  of  about  one-third.  The 
accidental  overheating  of  a  boiler  was  found  to  reduce  its  strength 
from  65,000  lbs.  to  45,000  lbs.  per  square  inch.  Taking  into  ac- 
count all  these  contingencies,  it  appears  expedient  to  limit  the  ten* 
sile  force  upon  boilers  in  actual  use  to  about  3000  lbs.  per  square 
inch  of  iroui 

Copper  follows  a  different  law,  and  appears  to  diminish  in  strensth 
by  every  addition  of  heat,  reckoning  from  the  freezing  point.  The 
square  of  the  diminution  of  strength  seems  to  keep  pace  with  the 
cube  of  the  temperature,  as  appears  by  the  following  table : — 

Table  showing  the  Diminution  of  Strength  of  Copper  Boiler 
Plates  by  additions  to  the  Temperaiurej  the  Cohesion  (xtZ2?  being 
32,800  Us.  per  Square  Inch. 


JTo. 

TmapnUof 

DiniDniioa  of 

ifo. 

JMmiBiittoiiof 

aboT«SSo. 

Stnmgih. 

•boT«320. 

8tr»ii«th. 

1 

90O 

00176 

9 

660O 

0-8425 

2 

180 

0-0540 

10 

769 

0-4898 

8 

270 

0-0926 

11 

812 

0-4944 

4 

860 

0-1518 

12 

880 

0-5581 

6 

450 

0-2046 

18 

984 

0-6691 

6 

460 

0-2188 

14 
15 

1000 

0-6741 

7 

513 

0-2446 

1200 

0-8861 

8 

529 

0-2558      1 

1 

16 

1300 

1-0000 

In  the  case  of  iron,  the  following  are  the  results  when  tabulated 
after  a  similar  fashion. 
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Table  of  Sxperiments  on  Iron  BoiUr  Plate  at  High  Tempera- 
ture ;  the  Mean  Maximum  Tenacity  being  at  660®  ■■  66,000  \he, 
per  Square  Inch 


DImUvtkm  «r 

Tampwatw* 

DlmiB«tira  of 

obMrrtd. 

TtBMitj  ObMTTtd. 

obMrrtd. 

T«aMitj  ObMTTtd. 

ft60» 

0-0000 

824<> 

0-2010 

670 

0-0869 

982 

0-8824 

696 

0-0899 

947 

0-8698 

000 

0-0964 

1080 

0-4478 

680 

0-1047 

nil 

0-6614 

662 

0-1166 

1166 

0-6000 

722 

0-1486 

1169 

0-6011 

782 

01491 

1187 

0-6862 

784 

01686 

1287 

0-6622 

766 

0-1689 

1246 

0-6716 

770 

0-1627 

1817 

0-7001 

The  application  of  stays  to  marine  boilers,  especiallj  in  those 
parts  of  the  water  spaces  which  lie  in  the  wake  of  the  furnace  bars, 
nas  given  engineers  much  trouble ;  the  f  plate,  of  which  ordinary 
boilers  are  composed,  is  hardly  thick  enough  to  retain  a  stay  with 
security  by  merely  tapping  the  plate,  whereas,  if  the  stay  be  ri- 
veted, the  head  of  the  rivet  will  in  all  probability  be  soon  burnt 
away.  The  best  practice  appears  to  be  to  run  the  stays  used  for 
the  water  spaces  in  this  situation,  in  a  line  somewhat  beneath  the 
level  of  the  bars,  so  that  they  may  be  shielded  as  much  as  possible 
from  the  fire,  while  those  which  are  required  above  the  level  of  the 
bars  should  be  kept  as  nearly  as  possible  towards  the  crown  of  the 
furnace,  so  as  to  be  removed  from  the  immediate  contact  of  the  fire. 
Screw  bolts  with  a  fine  thread  tapped  into  the  plate,  and  with  a 
thin  head  upon  the  one  side,  and  a  thin  nut  made  of  a  piece  of 
boiler  plate  on  the  other,  appear  to  be  the  best  description  of  stay 
that  has  yet  been  contrived.  The  stays  between  the  sides  of  the 
boiler  shell,  or  the  bottom  of  the  boiler  and  the  top,  present  little 
difficulty  in  their  application,  and  the  chief  thing  that  is  to  be  at- 
tended to  is  to  take  care  that  there  be  plenty  of  them ;  but  we  may 
here  remark  that  we  think  it  an  indispensable  thing,  when  there  is 
any  high  pressure  of  steam  to  be  employed,  that  the  furnace  crown 
be  stayed  to  the  top  of  the  boiler.  This,  it  will  be  observed,  is  done 
in  the  boilers  of  the  Tagus  and  Infernal ;  and  we  know  of  no  better 
specimen  of  staying  than  is  afibrded  by  those  boilers. 

ABSA  OF  STSAM  PASSAGES. 

Rule. — To  the  temperature  of  steam  in  the  boiler  add  the  con- 
stant increment  469;  multiply  the  sum  by  11026 ;  and  extract  the 
square  root  of  the  product.  Multiply  the  length  of  stroke  by  the 
number  of  strokes  per  minute ;  divide  the  product  by  the  square 
root  just  found ;  and  multiply  the  square  root  of  the  quotient  by 
the  diameter  of  the  cylinder ;  the  product  will  be  the  diameter  of 
the  steam  passages. 
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Let  it  be  required  to  determine  the  diameter  of  the  steam  pas- 
sages in  an  engine  of  which  the  diameter  of  the  cylinder  is  48 
inches,  the  length  of  stroke  4i|^  feet,  and  the  number  of  strokes  per 
minute  26,  supposing  the  temperature  under  vhich  the  steam  is 
generated  to  be  250  degrees  of  Fahrenheit's  thermometer. 

Here  by  the  rule  we  get  %/11025(260  +  469)  —  2796-84 ;  the 
number  of  strokes  is  26,  and  the  length  of  stroke  4i|^  feet ;  hence 

/    117 
it  is  a  -  d^2795-84  *  ^•20456d  «  0-20456  x  48  —  9-819  inches ; 

so  that  the  diameter  of  the  steam  passages  is  a  little  more  than  one- 
fifth  of  the  diameter  of  the  cylinder.  The  same  rule  will  answer 
for  high  and  low  pressure  engines,  and  also  for  the  passages  into 
the  condenser. 

LOSS  or  FORCE  BT  THB  DBGKEASI  01*  TBBCPSRATimB  IN  THX  STEAM  PIPES. 

Rule. — From  the  temperature  of  the  surface  of  the  steam  pipes 
subtract  the  temperature  of  the  external  air ;  multiply  the  remain- 
der by  the  length  of  the  pipes  in  feet,  and  again  by  the  constant 
number  or  coefficient  1*68 ;  then  divide  the  product  by  the  diameter 
of  the  pipe  in  inches  drawn  into  the  Telocity  of  the  steam  in  feet 
per  second,  and  the  quotient  will  express  the  diminution  of  tem- 
perature in  degrees  of  Fahrenheit's  thermometer. 

Let  the  length  of  the  steam  pipe  be  16  feet  and  its  diameter  6 
inches,  and  suppose  the  velocity  of  the  steam  to  be  about  96  feet 
per  second,  what  will  be  the  diminution  of  temperature,  on  the  sup- 
position that  the  steam  is  at  250^  and  the  external  air  at  60^  of 
Fahrenheit  7 

Here,  by  the  note  to  the  above  rule,  the  temperature  of  the  sur- 
face of  the  steam  pipe  is  250  —  260  X  0-05  —  237*5 ;  hence  we  get 

_  1-68x16(287-5-60)  ^  ^^.^  ^ 
^  5  X  95  ^ 

If  we  examine  the  manner  of  the  composition  of  the  above  equar 
tion,  it  will  be  perceived  that,  since  the  diameter  of  the  pipe  and 
the  velocity  of  motion  enter  as  divisors,  the  loss  of  heat  will  be  less 
as  these  factors  are  ^eater ;  but,  on  the  other  hand,  the  loss  of 
heat  will  be  greater  m  proportion  to  the  length  of  pipe  and  the 
temperature  of  the  steam.  Since  the  steam  is  reduced  from  a 
higher  to  a  lower  temperature  during  its  passage  through  the  steam 
pipes,  it  must  be  attended  with  a  correspondmg  diminution  in  the 
elastic  force;  it  therefore  becomes  necessary  to  ascertain  to  what 
extent  the  force  is  reduced,  in  consequence  of  the  loss  of  heat  that 
takes  place  in  passing  along  the  pipes.  This  is  an  inquiry  of  some 
importance  to  the  manufacturers  of  steam  engines,  as  it  serves  to 
guard  them  against  a  very  common  mistake  into  which  they  are 
liable  to  faU,  especially  in  reference  to  steamboat  engines,  where  it 
is  usual  to  cause  the  pipe  to  pass  round  the  cylinder,  instead  of 
carrying  it  in  the  shortest  direction  from  the  boiler,  in  order  to  de- 
erease  the  quantity  of  surface  exposed  to  the  cooling  effect  of  the 
atmosphere. 
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RuLB. — From  the  temperatore  of  the  surfaoe  of  the  steam  pipe 
snhtract  the  temperature  of  the  external  air ;  mitltipl j  the  remain- 
der bj  the  length  of  the  pipe  in  feet,  and  again  by  the  constant 
fractional  coefficient  0*00168 ;  diride  the  product  by  the  diameter 
of  the  pipe  in  inches  drawn  into  the  velocity  of  steam  in  feet  per 
second,  and  subtract  the  quotient  from  unity ;  then  multiply  the 
difference  thus  obtained  by  the  elastic  force  corresponding  to  the 
temperature  of  steam  in  the  boiler,  and  the  product  will  be  the 
plastic  force  of  the  steam  m  reduced  by  cooling  in  passing  through 
the  pipes* 

Let  the  dimexMions  of  the  pipe,  the  temperature  of  the  steam, 
and  its  velocity  through  the  passages,  be  the  same  as  in  the  pre- 
ceding example,  what  will  be  the  quantity  of  reduction  in  the  elastic 
force  occasioned  by  the  effect  of  cooling  in  traversing  the  steam 
pipe? 

Since  the  elastic  force  of  the  steam  in  the  boiler  enters  the  equa- 
tion from  which  the  above  rule  is  deduced,  it  becomes  necessary  in 
the  first  place  to  calculate  its  value ;  and  this  is  to  be  done  by  a 
rule  already  given,  which  answers  to  the  case  in  which  the  tempera- 
ture is  greater  than  212^ ;  thus  we  have 

250x1-69856  =  424-640 
Constant  number  »  205*526  add 

Sum  «  680-166 log,  2-79946 

Constant  divisor  »  883 log.  2*522444  subtract 

0-277011  X  6-42  =  1-778410, 
which  is  the  logarithm  of  60-036  inches*  of  mercury. 

Again,  we  have  250  —  0*05  x  250  «■  287*5 ;  consequently,  by 
multiplying  as  directed  in  the  rule,  we  get  287*5  x  0*00168  x  16 
«  6-384,  which  being  divided  by  95  X  5  =  475,  gives  0-01344 ;  and 
by  taking  this  from  unity  and  multiplying  the  remainder  by  the 
elastic  force  as  calculated  above,  the  value  of  the  reduced  dastic 
force  becomes 

/  =  60-086  (1  -  0-01344)  «=  59*229  inches  of  mercury. 

The  loss  of  force  is  therefore  60*086  -  59*229  —  0*807  inches  of 
mercury,  which  amounts  to  ^th  part  of  the  entire  elastic  force  of 
the  steam  in  the  boiler  as  generated  under  the  givoi  temperature, 
being  a  quantity  of  sufficient  importance  to  claim  the  attention  of 
our  engineers. 

FEED  WATER. 

The  quantity  of  water  required  to  supply  the  waste  oecasioned 
by  evaporation  from  a  boiler,  or,  as  it  is  technically  termed,  the 
^'  feed  water"  required  by  a  boiler  working  with  any  given  pressure, 
is  easily  determinable.  For,  since  the  relatiVe  volumes  of  water 
and  steam  at  any  given  pressure  are  known,  it  becomes  necessary 
merely  to  restore  the  quantity  of  water  by  the  feed  pump  equiva- 
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lent  lo  that  abstracted  in  the  form  of  Bteam,  which  the  known  rela- 
tion of  the  densitj  to  the  pressnre  of  the  steam  renders  of  eaey 
accomplishment.  In  practice,  however,  it  is  necessary  that  the 
feed  pump  should  be  able  to  supply  a  much  larger  quantity  of  water 
than  what  theory  prescribes,  as  a  great  waste  of  water  sometimes 
occurs  from  leakage  or  priming,  and  it  is  necessary  to  pronde 
against  such  contingencies.  The  feed  pump  is  usually  made  of 
such  dimensions  as  to  be  capable  of  supplying  8|^  times  the  water 
that  the  boiler  will  evaporate,  and  in  low  pressure  engines,  where 
the  cylinder  is  double  acting  and  the  feed  pump  single  acting,  this 
proportion  will  be  maintained  by  making  the  pump  a  240th  of  the 
capacity  of  the  cylind^.  In  low  pressure  engines  the  pressure  in 
the  boiler  may  be  taken  at  6  lbs.  above  the  pressure  of  the  atmo* 
sphere,  or  20  lbs.  in  all;  and  as  high  pressure  steam  is  merely  low 
pressure  steam  compressed  into  a  smaller  compass,  the  size  of  the 
feed  pump  relatively  to  the  size  of  the  cylinder  must  obviously  vary 
in  the  direct  proportion,  of  the  pressure.  If,  then,  the  feed  pump 
be  l-240th  of  the  capacity  of  the  cylinder  when^the  total  pressure 
of  the  steam  is  20  lbs.,  it  must  be  l-120th  of  the  capacity  of  the 
cylin^r  when  the  total  pressure  of  the  steam  is  40  lbs.,  or  25  lbs. 
above  xhe  atmosphere.  This  law  of  variation  is  expressed  by  the  fol- 
lowing rule,  which  gives  the  capacity  of  feed  pump  proper  for  all 
pressures : — Multiply  the  capacity  of  the  cylinder  in  cubic  inches  by 
the  total  pressure  of  the  steam  in  lbs.  per  square  inch,  or  the  pressure 
in  lbs.  per  square  inch  on  the  safety  valve,  plus  15,  and  divide  the 
product  by  4800;  the  quotient  is  the  capacity  of  the  feed  pump  in 
cubic  inches,  when  the  feed  pump  is  single  acting  and  the  engine 
double  acting.  If  the  feed  pump  be  double  acting,  or  the  engine 
mngle  acting,  the  capacity  of  the  pump  must  be  just  one-half  what 
is  given  by  this  rule. 

CONDENSINa  WATER. 

It  was  found  that  the  most  beneficial  temperature  of  the  hot 
well  was  100  degrees.  If,  therefore,  the  temperature  of  the 
steam  be  212"",  and  the  latent  heat  1000"",  then  1212''  may  bo 
taken  to  represent  the  heat  contained  in  the  steam,  or  1112^ 
if  we  deduct  the  temperature  of  the  hot  well.  If  the  tempera- 
ture of  the  injection  water  be  50^,  then  50  degrees  of  cold  are  . 
ayailable  for  the  abstraction  of  heat,  and  as  the  total  quantity  of 
heat  to  be  abstracted  is  that  requisite  to  raise  the  quantity  of  water 
in  the  steam  1112  degrees,  or  1112  times  that  quantity,  one  degree, 
it  would  raise  one-fiftieth  of  this,  or  22*24  times  the  quantity  of 
water  in  the  steam,  50  degrees.  A  cubic  inch  of  water,  therefore, 
raised  into  steam,  will  require  22*24  cubic  inches  of  water  at  50 
degrees  for  its  condensation,  and  will  form  therewith  23*24  cubic 
inches  of  hot  water  at  100  degrees.  It  has  been  a  practice  to 
allow  about  a  wine  pint  (28*9  cubic  inches)  of  injection  water  for 
eyery  cubic  inch  of  water  ev84)orated  from  the  boiler.  The  usual 
capacity  for  the  cold  water  pump  is  ^j^gth  of  the  capacity  of  the 
cylinder,  which  allows  some  water  to  run  to  waste.    As  a  maximum 
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effect  is  obtained  when  the  temperature  of  the  hot  well  is  about 
100^,  it  will  not  be  advisable  to  reduce  it  below  that  temperature 
in  practice.  With  the  superior  vacuum  due  to  a  temperature  of  70° 
or  80^  the  admission  of  so  much  cold  water  into  the  condenser 
becomes  necessary, — ^and  which  has  afterwards  to  be  pumped  oat 
in  opposition  to  the  pressure  of  the  atmosphere, — so  that  the  gain  in 
the  vacuum  does  not  equal  the  loss  of  power  occasioned  by  the 
additional  load  upon  the  pump,  and  there  is,  therefore,  a  clear  loss 
by  the  reduction  of  the  temperature  below  100°,  if  such  reduction 
be  caused  by  the  admission  of  an  additional  quantity  of  water.  If 
the  reduction  of  temperature,  however,  be  caused  by  the  use  of 
colder  water,  there  is  a  gain  produced  by  it,  though  the  gain  will 
within  certain  limits  be  greater,  if  advantage  be  taken  of  the  low- 
ness  of  the  temperature  to  diminish  the  quantity  of  injection. 


SAPETT  yALVEB. 

Rule. — Add  459  to  the  temperature  of  the  steam  in  degrees 
of  Fahrenheit ;  divide  the  sum  by  the  product  of  the  elastic  force 
of  the  steam  in  inches  of  mercury,  into  its  excess  above  the  Weight 
of  the  atmosphere  in  inches  of  mercuir ;  multiply  the  square  root 
of  the  quotient  by  '0653 ;  multiply  this  product  by  the  number  of 
cubic  feet  per  hour  of  water  evaporated,  and  this  last  product  is 
the  theoretical  area  of  the  orifice  of  the  safety  valve  in  square 
inches. 

To  apply  this  to  an  example — which,  however,  it  must  be  remem- 
bered, will  give  a  result  much  too  small  for  practice. 

Bequired  the  least  area  of  a  safety  valve  of  a  boiler  suited  for  a 
250  horse  power  engine,  working  with  steam  6  lbs.  more  than  the 
atmosphere  on  the  square  inch. 

In  this  case  the  total  pressure  is  equal  to  21  lbs.  per  square 
inch ;  and  as  in  round  numbers  one  pound  of  pressure  is  equal  to 
about  two  inches  of  mercury,  it  follows  that  /  «  42  iiiches  of 
mercury. 

It  will  be  necessary  to  calculate  t  from  formula  (S)  already  given. 
The  operation  is  as  follows : — 

log.  42  -5-  6-42  =  1-623249  -f-  6-42  «  0-252842 
constant  co-efficient  «  196  2-292368 

2-545205 
natural  number  =  350-92 
constant  temperature  =  121 

t  =  229-92 
*                         1.     i.        /459+t           /459  + 229-92 
therefore  ^jjfZTW)  *  n/   42  x  12 

[688-92 


J'- 


-goqp-  s/  1-8669  -  1-168; 
therefore  z  »  -0653  x  1-168  x  N  -  -0757  JS. 


r 
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We  have  stated  in  .a  fonner  part  of  this  irork  that  a  cubic  foot 
of  water  evaporated  per  hour  is  eqtuvalent  to  one  horse  power; 
therefore  in  this  case  N  »  250  and  x  »  18*925  sq.  in. 

As  another  example.  Required  the  proper  area  of  the  safety 
valve  of  a  boiler  suited  to  an  engine  of  500  horse  power,  when  it 
is  wished  that  the  steam  should  never  acquire  an  elastic  force 
greater  than  60  lbs.  on  the  square  inch  above  the  atmosphere. 

In  this  case  the  whole  elastic  force  of  the  steam  is  75  lbs. ;  and 
as  1  pound  corresponds  in  round  numbers  to  2  inches  of  mercurji 
it  follows  that  / »  150.  It  will  be  necessary  to  calculate  the 
temperature  corresponding  to  this  force.  The  operation  is  as 
follows : — 

Log.  150  -5-  6-42  »  2-176091  -*•  6-42  «    -888955 
constant  co-efficient  ^  ,   196  log.  2-292363  add 

natural  number  -«  427*876  2'681818. 

constant  temperature  «  121 
required  temperature       806*876  degrees  of  Fahrenheit's  scale 

459  +  t        459  +  806*876       765*876       765896 
therefore y^_  gO)  ""  150 (150 -  80) ""  150  x  120 *   18000 

=  -043549 ;  therefore  J  Tljir^)  -  •  -042549  «  -20628. 

Hence  the  required  area  '^  -0658  X  -20628  X  500  «  -01847  X 
500  »  6*785  square  inches. 

If  the  area  of  the  safety  valve  of  a  boiler  suited  for  an  engine 
of  500  horse  power  be  required,  when  it  is  wished  the  steam  should 
never  acquire  a  greater  temperature  than  800*^,  it  will  be  necessary 
to  calculate  the  elastic  force  corresponding  to  this  temperature ;  and 
by  formula  for  this  purpose,  the  required  area  =  -0658  x  *281  X 
500  =  -0151  X  500  =B  7*55  square  inches.  It  will  be  perceived 
from  these  examples  that  the  greater  the  elasticity  and  tne  higher 
the  corresponding  temperature  the  less  is  the  area  of  the  safety 
valve.  This  is  just  as  might  have  been  expected,  for  then  the 
steam  can  escape  with  increased  velocity.  We  may  repeat  that  the 
results  we  have  arrived  at  are  much  less  than  those  used  in  practice. 
For  the  sake  of  safety,  the  orifices  of  the  safety  valve  are  inten- 
tionally made  much  larger  than  what  theory  requires ;  usually  ^  of 
a  square  inch  per  horse  power  is  the  ordinary  proportion  allowed 
in  the  case  of  low  pressure  engines. 

THX  SLm  YALYM. 

The  four  following  practical  rules  are  applicable  alike  to  short 
slide  and  long  D  valves. 

Rule  I. — To  find  how  much  cover  mttst  he  given  on  the  iteam 
$tde  in  order  to  cut  the  eteam  off  at  any  given  part  of  the  etroke. — 
From  the  leneih  of  the  stroke  of  the  piston,  subtract  the  length  of 
that  part  of  U&e  stroke  that  is  to  be  made  before  the  steam  is  cut 
off.     Divide  the  remainder  by  the  length  of  the  stroke  of  the 

16 
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piston,  and  extract  the  square  root  of  the  quotient.  Multiply  the 
square  root  thus  found  by  half  the  length  of  the  stroke  of  the  valve, 
and  from  the  product  take  half  the  lead,  and  the  remainder  will  be 
the  cover  required. 

Rule  IL-^Tofind  at  what  part  of  the  itroJce  any  given  amourU 
of  cover  on  the  steam  side  will  cut  off  the  steam. — Add  the  cover 
on  the  steam  side  to  the  lead ;  divide  the  sum  by  half  the  length 
of  stroke  of  the  valve.  In  a  table  of  natural  sines  find  the  arc 
^whose  sine  is  equal  to  the  quotient  thus  obtained.  To  this  arc  add 
90^,  and  from  the  sum  of  these  two  arcs  subtract  the  arc  whose 
cosine  is  equal  to  the  cover  on  the  steam  side  divided  by  half  the 
stroke  of  the  valve.  Find  the  cosine  of  the  remaining  arc,  add  1 
to  it,  and  multiply  the  sum  by  half  the  stroke  of  the  piston,  and 
the  product  is  the  length  of  that  part  of  the  stroke  that  will  be 
made  by  the  piston  before  the  steam  is  cut  off. 

BuLE  III. — To  find  how  much  before  the  end  of  the  Hrohe^  ike 
exhaustion  of  the  steam  in  front  of  the  piston  willj>e  cut  off, — To 
the  cover  on  the  steam  side  add  the  lead,  and  divide  the  sum  bj 
half  the  length  of  the  stroke  of  the  valve.  Find  the  arc  whose  sine 
is  equal  to  the  quotient,  and  add  90°  to  it.  Divide  the  cover  on 
the  exhausting  side  by  half  the  stroke  of  the  valve,  and  find  the  are 
whose  cosine  is  equal  to  the  quotient.  Subtract  this  arc  from  the 
one  last  obtained,  and  find  the  cosine  of  the  remainder.  Subtract 
this  cosine  from  2,  and  multiply  the  remainder  by  half  the  stroke 
of  the  piston.  The  product  is  the  distance  of  the  piston  from  the 
end  of  its  stroke  when  the  exhaustion  is  cat  off. 

BuLE  IV. — To  find  how  far  the  piston  is  from  the  end  of  ifs 
stroke^  when  tJ^, steam  that  is  propelling  it  hy  expansion  is  allowed 
to  escape  to  the  condenser, — To  the  cover  on  the  steam  side  add  the 
lead,  divide  the  sum  by  half  the  stroke  of  the  valve,  and  find  the 
arc  whose  sine  is  equal  to  the  quotient.  Find  the  arc  whose  cosine 
is  equal  to  the  cover  on  the  exhausting  side,  divided  by  half  the 
stroke  of  the  valve.  Add  these  two  arcs  together,  and  subtract 
90°.  Find  the  cosine  of  the  residue,  subtract  it  from  1,  and  mul- 
tiply the  remainder  by  half  the  stroke  of  the  piston.  The  product 
is  the  distance  of  the  piston  from  the  end  of  its  stroke,  when  the 
steam  that  is  propelling  it  is  allowed  to  escape  to  the  condenser. 
In  using  these  rules,  all  the  dimensions  are  to  be  taken  in  inches, 
and  the  answers  will  be  found  in  inches  also. 

From  an  examination  of  the  formulas  we  have  given  on  this 
subject,  it  will  be  perceived  (supposing  that  there  is  no  lead)  that 
the  part  of  the  stroke  where  the  steam  is  cut  off,  is  determined  by 
the  proportion  which  the  cover  on  the  steam  side  bears  to  the 
length  of  the  stroke  of  the  valve :  so  that  in  all  cases  where  the 
cover  bears  the  same  proportion  to  the  length  of  the  stroke  of  the 
valve,  the  steam  will  be  cut  off  at  the  same  part  of  the  stroke  of 
the  piston. 

In  the  first  line,  accordingly,  of  Table  I.,  will  be  found  eight 
different  parts  of  the  stroke  of  the  piston  designated ;  and  directly 
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below  eaoh,  in  the  second  line,  is  given  the  quantity  of  cover  requi- 
site to  cause  the  steam  to  be  cut  off  at  that  particular  part  of  the 
stroke.  The  diffiMrent  sizes  of  the  cover  are  given  in  the  second 
line,  in  decimal  parts  of  the  length  of  the  stroke  of  the  valve ;  so 
thaty  to  get  the  quantity  of  cover  corresponding  to  any  of  the  given 
degrees  of  expansion,  it  is  only  necessary  to  take  the  decimal  in 
the  second  line,  which  stands  under  the  fraction  in  the  first,  that 
marks  the  degree  of  expansion,  and  multiply  that  decimal  by  the 
length  you  intend  to  make  the  stroke  of  the  valve.  Thus,  suppose 
you  have  an  engine  in  which  you  wish  to  have  the  steam  cut  oiF 
when  the  piston  is  a  quarter  of  the  length  of  its  stroke  from  the 
end  of  it,  look  in  the  table,  and  you  will  find  in  the  third  column 
from  the  left,  |.  Directly  under  that,  in  the  second  line,  you  have 
the  decimal  *250«  Suppose  that  you  think  18  inches  will  be  a  con- 
venrent  length  for  the  stroke  of  the  valve,  multiply  the  decimal 
-250  by  18,  which  gives  4^.  Hence  we  learn  that  with  an  18  inch 
stroke  for  the  valve,  4|  inches  of  cover  on  the  steam  side  will  cause 
the  steam  to  be  cut  off  when  the  piston  has  still  a  quarter  of  its 
stroke  to  perform. 

Half  the  stroke  of  the  valve  must  always  be  at  Ucuit  equal  to  the 
cover  on  the  steam  side  added  to  the  breadth  of  the  port.  By  the 
^'breadth"  of  the  port,  we  mean  its  dimension  in  the  direction  of 
the  valve's  motion ;  in  short,  its  perpendicular  depth  when  the 
cylinder  is  upright.  The  words  "  cover"  and  "  lap"  are  synony- 
mous. Consequently,  as  the  cover,  in  this  case,  must  be  4|  inches, 
and  as  half  the  stroke  of  the  valve  is  9  inches,  the  breadth  of  the 
port  cannot  be  more  than  (9  —  4}  i^  i\)  4j^  inches.  If  this 
breadth  of  port  is  not  enough,  we  must  increase  the  stroke  of  the 
valve ;  by  which  means  we  shall  get  both  the  cover  and  the  breadth 
of  the  port  proportionally  increased.  Thus,  if  we  make  the  length 
of  valve  stroke  20  inches,  we  shall  have  for  the  cover  -250  x  20  »«  5 
inches,  and  for  the  breadth  of  the  port  10  —  5  ».5  inches. 


Table  L 

Distance  of  Uie  piston  from ' 
the  terminstion  of  its 
stroke,  when  the  steam 
is  en  t  off,  in  parts  of  the 
length  of  its  stroke. 

or 
\ 

1^ 

it 

or 

\ 

h 

or 

or 

or 

1^ 

A 

Corer  on  the  steam  side  of  * 
the    Talre,   in    decimal 
parts  of  the  length  of  its 
stroke. 

•289 

•270 

•260 

•228 

•204 

•177 

•144 

•102 

This  table,  as  we  have  already  intimated,  is  computed  on  the 
supposition  that  the  valve  is  to  have  no  lead ;  but,  if  it  is  to  have 
lead,  all  that  is  necessary  is  to  subtract  half  the  proposed  lead  from 
the  cover  found  from  the  table,  and  the  remainder  will  be  the 


^ 
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proper  qaantity  of  cover  to  give  to  the  valve.  Suppose  that,  m 
the  last  example,  the  valve  was  to  have  ^  inch  of  lead,  we  would 
subtract  |  inch  from  the  6  inches  found  for  the- cover  by  the  table: 
that  would  leave  4}  inches  for  the  quantity  of  cover  that  the  valve 
ought  to  have. 

Tablb  II. 


MtbttfeMB 

^^^^^^^^^^^^^         1 

lukM. 

* 

il 

\ 

A 

\ 

* 

^ 

A 

24 

6-94 

6-48 

6*00 

5-47 

4-90 

4-25 

8-47 

2-45 

28} 

6-79 

6-84 

5-88 

5-86 

4-79 

416 

889 

2-89 

28 

6-66 

6*21 

•  6-76 

6^24 

4-69 

4-07 

8-82 

284 

22} 

6-60 

6-07 

6-62 

618 

4-69 

8-98 

8-25 

229 

^ 

6-86 

6-94 

6-50 

6-02 

4-49 

8-89 

818 

2-24 

21} 

6-21 

6-80 

6-88 

490 

4-89 

8-80 

910 

2-19 

21 

6-07 

5-67 

525 

4-79 

4-28 

8^72 

8^08 

214 

20} 

6-92 

6-68 

6^12 

4-67 

418 

8^68 

2^96 

2-09 

20' 

6-78 

5-40 

5^00 

4-56 

408 

854 

2-89 

2-04 

19} 

6-64 

5-26 

4-87 

4-45 

8-98 

8-45 

2-82 

1-99 

19* 

6-49 

618 

4-75 

4-88 

8-88 

886 

2-74 

1-94 

18} 

5*84 

4-99 

4-62 

4-22 

8-77 

8-27 

2-67 

1-88 

is' 

6-20 

4-86 

4-50 

410 

8-67 

819 

2^60 

1-88 

17} 

606 

4-72 

4-87 

8-99 

8-57 

810 

2-58 

1-78 

n' 

4.91 

4-59 

4^25 

8-88 

8-47 

8-01 

2-46 

1-7S 

»} 

4.77 

4*46 

412 

8-76 

8-86 

2^92 

2-88 

1-08 

16 

4-62 

4-82 

400 

8-66 

8-26 

283 

2-81 

1^68 

16} 

4-48 

4-18 

8-87 

8-53 

816 

274 

2-24 

1-58 

16* 

4-38 

405 

8-76 

8-42 

806 

2-65 

2^16 

1-63 

14 

419 

8-91 

8-62 

8-81 

2-96 

2^67 

2-09 

1-48 

W 

405 

8-78 

8-50 

819 

2-86 

2-48 

2-02 

1-48 

18} 

8-90 

8-64 

8-87 

8-08 

2-75 

2-39 

1-95 

1-87 

18* 

8-76 

8-61 

8-25 

2-96 

2-65 

2-80 

1-88 

1-32 

12} 

8-61 

8-87 

812 

2-86 

2-55 

2-21 

1-80 

1-27 

12' 

8-47 

8-24 

8-00 

2-74 

245 

212 

178 

1-22 

1^1 

8-32 

810 

2-87 

2-62 

2-85 

208 

166 

117 

m' 

8-18 

2-97 

2-75 

251 

2-24 

1-95 

1-58 

112 

10} 

808 

2-88 

2-62 

2^89 

214 

1-86 

1-61 

1-07 

10 

2-89 

2-70 

2-50 

2-28 

2-04 

1-77 

1-44 

1-02 

>l 

2-66 

2-66 

2-87 

2-17 

1-98 

1-68 

1-82 

•96 

9' 

2-60 

2-48 

2-26 

2-06 

1-84 

169 

1^30 

-92 

^ 

2-46 

2-29 

212 

1-94 

1-78 

150 

1-23 

•86 

8^ 

2-81 

216 

2^00 

1-82 

1-68 

1*42 

116 

•81 

7* 

216 

202 

1-87 

1-71 

1-53 

1-88 

108 

•76 

7 

2-02 

1-89 

1-75 

1-60 

1-43 

1-24 

l-Oi 

•71 

«l 

1-88 

1-75 

1-62 

1-48 

1-82 

M5 

•94 

•66 

6 

1-78 

1*62 

160 

1-87 

1-22 

1*06 

•86 

•61 

6i 

1-58 

1-48 

1^37 

1-25 

112 

•97 

•79 

•66 

6 

1-44 

1-86 

1-25 

114 

102 

•88 

•72 

•61 

4} 

1-80 

1-21 

112 

108 

•92 

•80 

•66 

•46 

4 

M6 

1-08 

100 

•91 

•82 

•71 

•58 

•41 

8} 

1-01 

•94 

•87 

•80 

•71 

•62 

•50 

•86 

« 

•86 

•81 

•75 

•68 

•61 

•68 

•44 

•80 

Table  IL  is  an  extension  of  Table  I.  for  the  purpose  of  obviating, 
in  most  cases,  the  necessity  of  even  the  very  small  degree  of 
trouble  required  in  multiplying  the  stroke  of  the  valve  by  one  of 
the  decimals  in  Table  I.  The  first  line  of  Table  II.  consists,  as  m 
Table  I.,  of  eight  fractions,  indicating  the  various  parts  of  the  tftroke 
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»t  which  the  steam  may  be  cut  off.  The  first  column  on  the  left 
hand  consists  of  yarious  numbers  that  represent  the  different 
lengths  that  may  be  given  to  the  stroke  of  the  valve,  diminishing, 
by  half-inches,  from  24  inches  to  8  inches.  Suppose  that  you  wish 
the  steam  cut  off  at  any  of  the  eight  parts  of  the  stroke  indicated 
in  the  first  line  of  the  table,  (say  at  i  from  the  end  of  the  stroke,) 
you  find  I  at  the  top  of  the  sixth  column  from  the  left.  Look  for 
the  proposed  length  of  stroke  of  the  valve  (say  17  inches)  in  the 
first  column  on  the  left.  From  17,  in  that  column,  run  along  the 
line  towards  the  right,  and  in  the  sixth  column,  and  directly  under 
the  \  at  the  top,  you  will  find  8*47,  which  is  the  cover  required  to 
cause  the  steam  to  be  cut  off  at  )  from  the  end  of  the  stroke,  if  the 
valve  has  no  lead.^  If  you  wish  to  give  it  lead,  (say  ^  inch,)  sub- 
tract the  half  of  that,  or  | « *125  inch  from  8*47,  and  you  will  have 
8-47  —  *125  «=  8*345  inches,  the  quantity  of  cover  that  the  valve 
should  have. 

To  find  the  greatest  breadth  that  we  can  give  to  the  port  in  this 
case,  we  have,  as  before,  half  the  length  of  stroke,  8}— 8*845»5*165 
inches,  which  is  the  greatest  breadth  we  can  give  to  the  port  with 
this  length  of  stroke.  It  is  scarcely  necessary  to  observe  that  it  is 
not  at  all  essential  that  the  port  should  be  so  broad  as  this ;  indeed, 
where  great  length  of  stroke  in  the  valve  is  not  inconvenient,  it  is 
always  an  advantage  to  make  it  travel  farther  than  is  just  neces- 
sary to  make  the  port  full  open;  because,  when  it  travels  farther, 
both  the  exhausting  and  steam  ports  are  more  quickly  opened,  so 
as  to  allow  greater  freedom  of  motion  to  the  steam. 

The  manner  of  using  this  table  is  so  simple,  tiiat  we  need  not  * 
trouble  the  reader  with  more  examples.     We  pass  on,  therefore,  to 
explain  the  use  of  Table  III. 

Suppose  that  the  piston  of  a  steam  engine  is  making  its  down- 
ward stroke,  that  the  steam  is  entering  the  upper  part  of  the  cylin- 
der by  the  upper  steam-port,  and  escaping  from  below  the  piston 
by  the  lower  exhausting-port;  then,  if  (as  is  generally  the  case) 
the  slide  valve  has  some  cover  on  the  steam  side,  the  upper  port 
will  be  closed  before  the  piston  gets  to  the  bottom  of  the  stroke, 
and  the  steam  above  then  acts  expansively,  while  the  communica- 
tion between  the  bottom  of  the  cylinder  and  the  condenser  still 
continues  open,  to  allow  any  vapour  from  the  condensed  water  in 
the  cylinder,  or  any  leakage  past  the  piston,  to  escape  into  the 
condenser;  but,  before  the  piston  gets  to  the  bottom  of  the  cylin- 
der, this  passage  to  the  condenser  will  also  be  cut  off  by  the  valve 
closing  the  lower  port.  Soon  after  the  lower  port  is  thus  closed, 
the  upper  port  will  be  opened  towards  the  condenser,  so  as  to  allow 
the  steam  that  has  been  acting  expansively  to  escape.  Thus,  be- 
fore the  piston  has  completed  its  stroke,  the  propelling  power  is 
removed  from  behind  it,  and  a  resisting  power  is  opposed  before  it, 
arising  from  the  vapour  in  the  cylinder,  which  has  no  longer  any 
passage  open  to  tha  condenser.  It  is  evident,  that  if  there  is  no 
cover  on  the  exhausting  side  of  the  valve,  the  exhausting  port  before 
U 
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the  piston  will  be  closed,  and  the  one  behind  it  opened,  at  the  same 
time ;  but,  if  there  is  any  cover  on  the  exhausting  side,  the  port 
before  the  piston  will  be  closed  before  that  behind  it  is  opened;  and 
the  intervaJ  between  the  closing  of  the  one  and  the  opening  of 
the  other  will  depend  on  the  quantity  of  corer  on  the  exhausting 
side  of  the  valre.  Again,  the  position  of  the  piston  in  the  cylin- 
der, when  these  ports  are  closed  and  opened  respectively,  wiU 
depend  on  the  quantity  of  cover  that  the  valve  has  on  the  steam 
side.  If  the  cover  is  large  enough  to  cut  the  steam  off  when  the 
piston  ifl  yet  a  considerable  distance  from  the  end  of  its  stroke, 
these  ports  will  be  closed  and  opened  at  a  proportionably  early  part 
of  the  stroke ;  and  when  it  is  attempted  to  obtain  great  expansion 
by  the  slide-valve  alone,  without  an  expansion-valve,  considerable 
loss  of  power  is  incurred  from  this  cause. 

Table  lU.  is  intended  to  show  the  parts  of  the  stroke  where,  un- 
der any  given  arrangement  of  slide  valve,  these  ports  close  and  open 
respectively,  so  that  thereby  the  engineer  may  be  able  to  estimate 
how  much  of  the  efficiency  of  the  engine  be  loses,,  while  he  is  trjing 
to  add  to  the  power  of  the  steam  by  increasing  the  expansion  in 
this  manner,  in  the  table,  there  are  eight  double  columns,  and  at 
the  heads  of  these  columns  are  eight  fractions,  as  before,  represent- 
ing so  many  different  parts  of  the  stroke  at  which  the  steam  maj 
be  supposed  to  be  cut  off. 

In  the  left-hand  single  column  in  each  double  one,  are  four  deci- 
mals, which  represent  the  distance  of  the  piston  (in  terms  of  the 
length  of  its  stroke)  from  the  end  of  its  stroke  when  the  exhausting- 
port  before  it  is  opened,  corresponding  with  the  degree  of  expansion 
indicated  by  the  fraction  at  the  top  of  the  double  column  and  the 
cover  on  the  exhausting  side  opposite  to  these  decimals  respectively 
in  the  left-hand  column.  The  right-hand  single  column  in  each 
double  one  contains  also  each  four  decimals,  which  show  in  the  same 
way  at  what  part  of  the  stroke  the  exhausting-port  behind  the  pis- 
ton is  opened.    A  few  examples  will,  perhaps,  explain  this  best. 

Suppose  we  have  an  engine  in  which  the  slide  valve  is  made  to 
cut  the  steam  off  when  the  piston  is  1-Sd  from  the  end  of  its  stroke, 
and  that  the  cover  on  the  exhaiisting  side  of  the  valve  is  l-8th  of 
the  whole  length  of  its  stroke.  Let  the  stroke  of  the  piston  be  6 
feet,  or  72  inches.  We  wish  to  know  when  the  exhausting-port 
before  the  piston  will  be  closed,  and  when  the  one  behind  it  will  be 
opened.  At  the  top  of  the  left-hand  double  coltimn,  the  given  de- 
gree of  expansion  (l-8d)  is  marked,  and  in  the  extreme  left  column 
we  have  at  the  top  the  given  amount  of  cover  (l-8th).  Opposite  the 
l-8th,  in  the  first  double  column,  we  have  *178  and  *033,  which 
decimals,  multiplied  respectively  by  72,  the  length  of  the  stroke, 
will  give  the  required  positions  of  the  piston :  thus  72x-178s=12*8 
inches  b  distance  of  the  piston  from  the  end  of  the  stroke  when  the 
exhausting-port  before  the  piston  is  shut ;  and  72  X  -033  =  2-38 
inches  ^  distance  of  the  piston  from  the  end  of  its  stroke  when  the 
e2Lhausting-port  behind  it  is  opened. 
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To  take  another  example.  Let  the  stroke  of  the  valve  be  16 
inches,  the  cover  on  the  exhausting  side  }  inch,  the  cover  on  the 
steam  side  3^  inches,  the  length  of  the  stroke  of  the  piston  60  inches. 
It  is  required  to  ascertain  all  the  particulars  of  the  working  of  this 
valve.  The  cover  on  the  exhausting  side  is  evidently  ^  of  the 
length  of  the  valve  stroke.  Again,  looking  at  16  in  the  left-hand 
column  of  Table  II.,  vre  find  in  the  same  horizontal  line  3*26,  or  very 
nearly  3|  under  }  at  the  head  of  the  column,  thus  showing  that  the 
steam  will  be  cut  off  at  |  from  the  end  of  the  stroke.  Again,  under 
{  at  the  head  of  the  fifth  double  column  from  the  left  in  Table  III., 
and  in  a  horizontal  line  with  ^  in  the  left-hand  column,  we  have 
'053  and  *033.  Hence,  -053  x  60  «  3-18  inches  »  distance  of  the 
piston  from  the  end  of  its  stroke  when  the  exhausting-port  before 
It  is  shut,  and  '033  x  60  »  1*98  inches  ■»  distance  of  the  piston 
from  the  end  of  its  stroke  when  the  exhausting-port  behind  it  is 
opened.  If  in  this  valve  the  cover  on  the  exhausting  side  were 
increased  (say  to  2  inches,  or  |  of  the  stroke,)  the  effect  would  be  to 
make  the  port  before  the  valve  be  shut  sooner  in  the  proportion  of 
*109  to  *058,  and  the  port  behind  it  later  in  the  proportion  of  -008 
to  '033  (see  Table  III.)  Whereas,  if  the  cover  on  the  exhaustbg 
side  were  removed  entirely,  the  port  before  the  piston  would  be 
shut  and  that  behind  it  opened  at  the  same  time,  and  (see  bottom 
of  fifth  double  column.  Table  III.)  the  distance  of  the  piston  from 
the  end  of  its  stroke  at  that  time  would  be  *043  X  60  »  2*58  inches. 

An  inspection  of  Table  III.  shows  us  the  effect  of  increasing  the 
expansion  by  the  slide- valve  in  augmenting  the  loss  of  power  ocea- 
aioned  by  the  imperfect  action  of  the  eduction  nassages.  Beferring 
to  the  bottom  line  of  the  table,  we  see  that  tne  eduction  passage 
before  the  piston  is  closed,  and  that  behind  it  opened,  (thus  destroy- 
ing the  whole  moving  power  of  the  engine,)  when  the  piston  is  '092 
from  the  end  of  its  stroke,  the  steam  being  cut  off  at  i  from  the 
end.  Whereas,  if  the  steam  is  only  cut  off  at  ^  from  the  end  of 
the  stroke,  the  moving  power  is  not  withdrawn  till  only  -Oil  of  the 
stroke  remains  uncompleted.  It  will  also  be  observed  that  in- 
creasing the  cover  on  the  exhausting  side  has  the  effect  of  retaining 
the  action  of  the  steam  longer  behind  the  piston,  but  it  at  the  same 
time  causes  the  eduction-port  befin^e  it  to  be  closed  sooner. 

A  very  cursory  examination  of  the  action  of  the  slide  valve  is 
Bn£Scient  to  show  that  the  cover  on  the  steam  side  should  always  be 
greater  than  on  the  exhausting  side.  If  they  are  equal,  the  steam 
would  be  admitted  on  one  side  of  the  piston  at  the  same  time  that 
it  was  allowed  to  escape  from  the  other  ;  but  universal  experience 
has  shown  that  when  this  is  the  case,  a  very  considerable  part  of 
the  power  of  the  engine  is  destroyed  by  the  resistance  opposed  to 
the  piston,  by  the  exhausting  steam  not  getting  away  to  the  con- 
denser with  sufficient  rapidity.  Hence  we  see  the  necessity  of 
the  cover  on  the  exhausting  side  being  always  less  than  the  cover  on 
the  steam  side ;  and  the  difference  should  be  the  greater  the  higher 
the  velocity  of  the  piston  is  intended  to  be,  because  the  quicker  the 
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piston  moves  the  passage  for  the  waste  steam  requires  to  be  the 
larger,  so  as  to  admit  of  its  getting  awaj  to  the  condenser  with  as 
great  rapidity  as  possible.  In  locomotive  or  other  engines,  where 
it  is  not  wished  to  expand  the  steam  in  the  cylinder  at  all,  the  slide 
valve  is  sometimes  made  with  very  little  cover  on  the  steam  side : 
and  in  these  circumstances,  in  order  to  get  a  sufficient  difference 
between  the  cover  on  the  steam  and  exhausting  sides  of  the  valve, 
it  may  be  necessary  not  only  to  take  away  all  the  cover  on  the 
exhausting  side,  but  to  take  off  still  more,  so  as  to  make  both  ex- 
hausting passages  be  in  some  degree  open,  when  the  valve  is  at  the 
middle  of  its  stroke.  This,  accordingly,  is  sometimes  done  in  such 
circumstances  as  we  have  described ;  but,  when  there  is  even  a  small 
degree  of  cover  on  the  steam  side,  this  plan  of  taking  more  than  all 
the  cover  off  the  exhausting  side  ought  never  to  be  resorted  to,  as 
it  csku  serve  no  good  purpose,  and  will  materially  increase  an  evil 
we  have  already  explained,  viz.  the  opening  of  the  exhausting-port 
behind  the  piston  before  the  stroke  is  nearly  completed.  The  tables 
apply  equally  to  the  common  short  slide  three-ported  valves  and  to 
the  long  D  valves. 

Id  fig.  1  is  exhibited  a  common  arrangement  of  the  valves  in  lo- 
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comotive  engines,  and  in  6g8.  2  and  3  is  shown  an  arrangement 
for  working  valves  by  a  shifting  cam,  by  which  the  amount  of  ex- 
pansion may  be  varied.  This  particular  arrangement,  however,  is 
antiquated,  and  is  now  but  little  used. 

The  extent  to  which  expansion  can  be  carried  beneficially  by 
means  of  lap  upon  the  valve  is  about  one-third  of  the  stroke ;  that 
is,  the  valve  may  be  made  with  so  much  lap,  that  the  steam  will  be 
cut  off  when  one-third  of  the  stroke  has  been  performed,  leaving 
the  residue  to  be  accomplished  by  the  agency  of  the  expanding 
steam ;  but  if  more  lap  be  put  on  than  anawers  to  this  amount  of 
expansion,  a  very  distorted  action  of  the  valve  will  be  produced, 
which  will  impair  the  efficiency  of  the  engine.  If  a  further  amount 
of  expansion  than  this  is  wanted,  it  may  be  accomplished  by  wire- 
drawing the  steam,  or  by  so  contracting  the  steam  passage,  that 
the  pressure  within  the  cylinder  must  decline  when  the  speed  of 
the  piston  is  accelerated,  as  it  is  about  the  middle  of  the  stroke. 
Thus,  for  example,  if  the  valve  be  so  made  as  to  shut  off  the  steam 
by  the  time  two-thirds  of  the  stroke  have  been  performed,  and  the 
steam  be  at  the  same  time  throttled  in  the  steam  pipe,  the  full 
pressure  of  the  steam  within  the  cylinder  cannot  be  maintained  ex- 
cept near  the  beginning  of  the  stroke  where  the  piston  travels 
slowly ;  for  as  the  speed  of  the  piston  increases,  the  pressure  neces- 
sarily subsides,  until  the  piston  approaches  the  other  end  of  the 
cylinder,  where  the  pressure  would  rise  again  but  that  the  operation 
of  the  lap  on  the  valve  by  this  time  has  had  the  effect  of  closing 
the  communication  between  the  cylinder  and  steam  pipe,  so  as  to 
prevent  more  steam  from  entering.  By  throttling  the  steam,  there- 
fore, in  the  manner  here  indicated,  the  amount  of  expansion  due  to 
the  lap  may  be  doubled,  so  that  an  engine  with  lap  enough  upon 
the  valve  to  cut  off  the  steam  at  two-thirds  of  the  stroke,  may,  by 
the  aid  of  wire-drawing,  be  virtually  rendered  capable  of  cutting 
off  the  steam  at  one-third  of  the  stroke.  The  usual  manner  of  cut- 
ting off  the  steam,  however,  is  by  means  of  a  separate  valve,  termed 
an  expansion  valve  ;  but  such  a  device  appears  to  be  hardly  neces- 
sary in  many  engines.  In  the  Cornish  engines,  where  the  steam 
is  cut  off  in  some  cases  at  one-twelfth  of  the  stroke,  a  separate  valve 
for  the  admission  of  steam,  other  than  that  which  permits  its  es- 
cape, is  of  course  indispensable ;  but  in  common  rotative  engines, 
which  may  realize  expansive  efficacy  by  throttling,  a  separate  ex- 
pansive valve  does  not  appear  to  be  required.  In  all  engines  there 
is  a  point  beyond  which  expansion  cannot  be  carried  with  advantage, 
as  the  resistance  to  be  surmounted  by  the  engine  will  then  become 
equal  to  the  impelling  power ;  but  in  engines  working  with  a  high 
pressure  of  steam  that  point  is  not  so  speedily  attained. 

In  high  pressure,  as  contrasted  with  condensing  engines,  there  is 
always  the  loss  of  the  vacuum,  which  will  generally  amount  to  12 
or  13  lbs.  on  the  square  inch,  and  in  high  pressure  engines  there  is 
a  benefit  arising  from  the  use  of  a  very  high  pressure  over  a  pres- 
sure of  a  moderate  account.     In  all  high  pressure  engines,  there  is 
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&  diminution  in  the  power  caused  by  the  counteracting  pressure  of 
the  atmosphere  on  the  educting  side  of  the  piston ;  for  the  force 
of  the  piston  in  its  descent  would  obviously  be  greater,  if  there  was 
a  vacuum  beneath  it ;  and  the  counteracting  pressure  of  the  atmo- 
sphere is  relatively  less  when  the  steam  used  is  of  a  very  high 
pressure.  It  is  clear,  that  if  we  bring  down  the  pressure  of  the 
steam  in  a  high  pressure  engine  to  the  pressure  of  the  atmosphere, 
it  will  not  exert  any  power  at  all,  whatever  quantity  of  steam  may 
be  expended,  and  if  the  pressure  be  brought  nearly  as  low  as  that 
of  the  atmosphere,  the  engine  %ill  exert  only  a  very  small  amount 
of  power ;  whereas,  if  a  very  high  pressure  be  employed,  the  pres- 
sure of  the  atmosphere  will  become  relatively  as  small  in  counter- 
acting the  impelling  pressure,  as  the  attenuated  vapour  in  the  con- 
denser of  a  condensing  engine  is  in  resisting  the  lower  pressure 
which  is  there  employed.  Setting  aside  loss  from  friction,  and  sup- 
posing the  vacuum  to  be  a  perfect  one,  there  would  be  no  benefit 
arising  from  the  use  of  steam  of  a  high  pressure  in  condensing  en- 
gines, for  the  same  weight  of  steam  used  without  expansion,  or 
with  the  same  measure  of  expansion,  would  produce  at  every  pres- 
sure the  same  amount  of  mechanical  power.  A  piston  with  a 
square  foot  of  area,  and  a  stroke  of  three  feet  with  a  pressure  of 
one  atmq^phere,  would  obviously  lift  the  same  weight  through  the 
same  distance,  as  a  cylinder  with  half  a  square  foot  of  area,  a  stroke 
of  three  feet,  and  a  pressure  of  two  atmospheres.  In  the  one  case, 
we  have  three  cubic  feet  of  steam  of  the  pressure  of  one  atmosphere, 
and  in  the  other  case  1^  cubic  feet  of  the  pressure  of  two  atmo- 
spheres. But  there  is  the  same  weight  of  steam,  or  the  same  quan- 
tity of  heat  and  water  in  it,  in  both  cases ;  so  that  it  appears  a  given 
weight  of  steam  would,  under  such  circumstances,  produce  a  definite 
amount  of  power,  without  reference  to  the  pressure.  In  the  case 
of  ordinary  engines,  however,  these  conditions  do  not  exactly  apply ; 
the  vacuum  is  not  a  perfect  one,  and  the  pressure  of  the  resisting 
vapour  becomes  relatively  greater  as  the  pressure  of  the  steam  is 
diminished ;  the  friction  also  becomes  greater  from  the  necessity 
of  employing  larger  cylinders,  so  that  even  in  the  case  of  condensing 
engines,  there  is  a  benefit  arising  from  the  use  of  steam  of  a  con- 
siderable pressure.  Expansion  cannot  be  carried  beneficially  to  any 
great  extent,  unless  the  initial  pressure  be  considerable ;  for  if  steam 
of  a  low  pressure  were  used,  the  ultimate  tension  would  be  reduced 
to  a  point  so  nearly  approaching  that  of  the  vapour  in  the  con- 
denser, that  the  difference  would  not  suffice  to  overcome  the  friction 
of  the  piston ;  and  a  loss  of  power  would  be  occasioned  by  carrying 
expansion  to  such  an  extent.  In  some  of  the  Cornish  engines,  the 
steam  is  cut  oif  at  one-twelfth  of  the  stroke ;  but  there  would  be  a 
loss  arising  from  carrying  the  expansion  so  far,  instead  of  a  gain, 
unless  the  pressure  of  the  steam  were  considerable.  It  is  clear, 
that  in  the  case  of  engines  which  carry  expansion  very  far,  a  very 
perfect  vacuum  in  the  condenser  is  more  important  than  it  is  in 
other  cases.    Nothing  can  be  easier  than  to  compute  the  ultimate 
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pressure  of  expanded  steam,  so  as  to  see  at  what  point  expansion 
ceases  to  be  productive  of  benefit ;  for  as  the  pressure  of  expanded 
steam  is  inversely  as  the  space  occupied,  the  terminal  pressure  when 
the  expansion  is  twelve  times  is  just  one-twelfth  of  what  it  was  at 
first,  and  so  on,  in  all  other  projections.  The  total  pressure  should 
be  taken  as  the  initial  pressure — not  the  pressure  on  the  safety 
valve,  but  that  pressure  plus  the  pressure  of  the  atmosphere. 

In  high  pressure  engines,  working  at  from  70  to  90  lbs.  on  the 
square  inch,  as  in  the  case  of  locomotives,  the  efficiency  of  a  given 
quantity  of  water  raised  into  steam  %aay  be  considered  to  be  about 
the  same  as  in  condensing  engines.  If  the  pressure  of  steam  in^a 
high  pressure  engine  be  120  lbs.,  or  125  lbs.  above  the  atmosphere, 
then  the  resistance  occasioned  by  the  atmosphere  will  cause  a  loss 
of  }th  of  the  power.  If  the  pressure  of  the  steam  in  a  low  pressure 
engine  be  16  lbs.  on  the  square  inch,  or  11  lbs.  above  the  atmo- 
sphere, and  the  tension  of  the  vapour  in  the  condenser  be  equivar 
lent  to  4  inches  of  mercury,  or  2  lbs.  of  pressure  on  the  square 
inch,  then  the  resistance  occasioned  by  this  rare  vapour  will  also 
cause  a  loss  of  ^th  of  the  power.  A  high  pressure  engine,  there- 
fore, with  a  pressure  of  105  lbs.  above  the  atmosphere,  works  with 
only  the  same  loss  from  resistance  to  the  piston,  as  a  low  pressure 
engine  with  a  pressure  of  1  lb.  above  the  atmosphere,  and  with 
these  proportions  the  power  produced  by  a  given  weight  of  steam 
will  be  the  same,  whether  the  engine  be  high  pressure  or  con- 
densing. 

SPHEROIDAL  OONDITION  OF  WATER  IN  BOILERS. 

Some  of  the  more  prominent  causes  of  boiler  explosions  have 
been  already  enumerated ;  but  explosions  have  in  some  cases  been 
attributed  to  the  spheroidal  condition  of  the  water  in  the  boiler, 
consequent  upon  the  flues  becoming  red-hot  from  a  deficiency  of 
water,  the  accumulation  of  scale,  or  otherwise.  The  attachment 
of  scale,  from  its  imperfect  conducting  po.wer,  will  cause  the  iron 
to  be  unduly  heated ;  and  if  the  scale  be  accidentally  detached,  a 
partial  explosion  may  occur  in  consequence.  It  is  found,  that  a 
sudden  disengagement  of  steam  does  not  immediately  follow  the 
contact  of  water  with  the  hot  metal,  for  water  thrown  upon  red- 
hot  iron  is  not  immediately  converted  into  steam,  but  assumes  the 
spheroidal  form  and  rolls  about  in  globules  over  the  surface.  These 
globules,  however  high  the  temperature  of  the  metal  may  be  on 
which  they  are  placed,  never  rise  above  the  temperature  of  206®, 
and  give  oflF  but  very  little  steam ;  but  if  the  temperature  of  the 
metal  be  lowered,  the  water  ceases  to  retain  the  spheroidal  form, 
and  comes  into  intimate  contact  with  the  metal,  whereby  a  rapid 
disengagement  of  steam  takes  place.  If  water'be  poured  into  a  very 
hot  copper  flask,  the  flask  may  be  corked  up,  as  there  will  be  scarce 
any  steam  produced  so  long  as  the  high  temperature  is  maintained; 
but  so  soon  as  the  temperature  is  suffered  to  fall  below  850®  or 
400®,  the  spheroidal  condition  being  no  longer  maintainable,  steam 
is  generated  with  rapidity,  and  the  cork  will  be  projected  from  the 
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roontli  of  the  flask  with  great  force.  In  a  boiler,  no  doubt,  where 
there  is  a  considerable  head  of  water,  the  repellant  action  of  the 
spheroidal  globules  will  be  more  effectually  counteracted  than  in 
the  small  vessels  emplojed  in  experimental  researches.  But  it  is 
doubtful  whether  in  all  boilers  there  may  not  be  something  of  the 
spheroidid  action  perpetually  in  operation,  and  leading  to  effects  at 
present  mysterious  or  inexplicable. 

One  of  the  most  singular  phenomena  attending  the  spheroidal 
condition  is,  that  the  vapour  arising  from  a  spheroid  is  of  a  far 
higher  temperature  than  the  spheroid  itself.  Thus,  if  a  thermometer 
be  held  in  the  atmosphere  of  vapour  which  surrounds  a  spheroid  of 
water,  the  mercury,  instead  of  standing  at  205^,  as  would  be  the 
case  if  it  had  been  immersed  in  the  spheroid,  will  rise  to  a  point 
determinable  by  the  temperature  of  the  vessel  in  which  the  spheroid 
exists.  In  the  case  of  a  spheroid,  for  example,  existing  within  a 
crucible  raised  to  a  temperature  of  400®,  the  thermometer,  if  held 
in  the  vapour,  will  rise  to  that  point ;  and  if  the  crucible  be  made 
red-hot,  the  thermometer  will  be  burst,  from  the  boiling  point  of 
mercury  having  been  exceeded.  A  part  of  this  effect  may,  indeed, 
be  traced  to  direct  radiation,  yet  it  appears  indisputable,  from  the 
experiments  which  have  been  made,  that  the  vapour  of  a  liquid 
spheroid  is  much  hotter  than  the  spheroid  itself. 

EXPANSION. 

At  page  131  we  have  given  a  table  of  hyperbolic  or  Byrgean 
logarithms,  for  the  purpose  of  facilitating  computations  upon  this 
subject. 

Let  the  pressure  of  the  steam  in  the  boiler  be  expressed  by  unity, 
and  let  2;  represent  the  space  through  which  the  piston  has  moved 
whilst  urged  by  the  expanding  steam.     The  density  will  then  be 

,'  and,  assuming  that  the  densities  and  elasticities  are  pro- 

1  +  a? 

d  ar 

portionate, will  be  the  differential  of  the  efficiency,  and  the 

1  +  a? 

efliciency  itself  will  be  the  integral  of  this,  or,  in  other  words,  the 

hyperbolic  logarithm  of  the  denominator ;  wherefore  the  efficiency 

of  the  whole  stroke  will  be  1  +  log.  (1  +  x). 

Supposing  the  pressure  of  the  atmosphere  to  be  15  lbs.,  15  +  35 
»  50  lbs.,  and  if  the  steam  be  cut  off  at  ^th  of  the  stroke,  it  will  be 
expanded  into  four  times  its  original  volume ;  so  that  at  the  ter- 
mination of  the  stroke,  its  pressure  will  be  50-t-4»12'2  lbs.,  or  2*8 
lbs.  less  than  the  atmospheric  pressure. 

When  the  steam  is  cut  off  at  one-fourth,  it  is  evident  that  x^Z. 
In  such  case  the  efficiency  is 

l+log.(l  +  8),  orl  +  log.4. 

The  hyperbolic  logarithm  of  4  is  1*386294,  so  that  the  efficiency 
of  the  steam  becomes  2*386294 ;  that  is,  by  cutting  off  the  steam 
at  \j  more  than  twice  the  effect  is  produced  with  the  same  consump- 
tion of  fuel ;  in  other  words,  one-half  of  the  fuel  is  saved. 
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Thb  resnlt  may  thus  be  expressed  in  words : — ^Divide  tlie  length 
of  the  stroke  through  which  the  steam  expands  by  the  length  of 
stroke  performed  with  the  full  pressure,  which  last  portion  call  1 ; 
the  hyperbolic  logarithm  of  the  quotient  is  the  increase  of  efficiency 
due  to  expansion.  We  introduce  on  the  following  page  more  de* 
tailed  tables,  to  facilitate  the  computation  of  the  power  of  an  en- 
gine working  expansively,  or  rather  to  supersede  the  necessity  of 
entering  into  a  computation  at  all  in  each  particular  case. 

The  first  column  in  each  of  the  following  tables  contains  the 
initial  pressure  of  the  steam  in  poxmds,  and  the  remaining  columns 
contain  the  mean  pressure  of  steam  throughout  the  stroke,  with  the 
different  degrees  of  expansion  indicated  at  the  top  of  the  columns, 
and  which  express  the  portion  of  the  stroke  during  which  the  steam 
acts  expansively.  Thus,  for  example,  if  steam  be  admitted  to  the 
cylinder  at  a  pressure  of  3  pounds  per  square  inch,  and  be  cut  off 
within  |th  of  the  end  of  the' stroke,  the  mean  pressure  during  the 
whole  stroke  will  be  2*96  pounds  per  square  inch.  In  like  manner, 
if  steam  at  the  pressure  of  3  pounds  per  square  inch  were  cut  off 
after  the  piston  had  gone  through  |th  of  the  stroke,  leaving  the 
steam  to  expand  through  the  remaining  {th,  the  mean  pressure 
during  the  whole  stroke  would  be  1*164  pounds  per  square  inch. 

FRICTION. 

The  friction  of  iron  sliding  upon  brass,  which  has  been  oiled  and 
then  wiped  dry,  so  that  no  film  of  oil  is  interposed,  is  about  ^  of 
the  pressure ;  but  in  machines  in  actual  operation,  where  there  is  a 
film  of  oil  between  the  rubbing  surfaces,  the  fraction  is  only  about 
one-third  of  this  amount,  or  ^d  of  the  weight.  The  tractive  re- 
sistance of  locomotives  at  low  speeds,  which  is  entirely  made  up  of 
friction,  is  in  some  cases  ^th  of  the  weight ;  but  on  the  average 
about  f^th  of  the  load,  which  nearly  agrees  with  my  former  state- 
ment. If  the  total  friction  be  ^th  of  the  load,  and  the  rolling 
friction  be  TiAn^th  of  the  load,  then  the  friction  of  attrition  must  be 
^th  of  the  load ;  and  if  the  diameter  of  the  wheels  be  36  in.,  and  the 
diameter  of  the  axles  be  3  in.,  which  are  common  proportions,  the 
friction  of  attrition  must  be  increased  in  the  proportion  of  36  to  3, 
or  12  times,  to  represent  the  friction  of  the  rubbing  surface  when 
moving  with  the  velocity  of  the  carriage,  ^ths  are  about  ^th  of 
the  lo^,  which  does  not  differ  much  from  the  proportion  of  ^Vd,  as 
previously  stated.  While  this,  however,  is  the  average  result,  the 
friction  is  a  good  deal  less  in  some  cases.  Engineers,  in  some 
experiments  upon  the  friction,  found  the  friction  to  amount  to 
less  than  ^th  of  the  weight ;  and  in  some  experiments  upon  the 
friction  of  locomotive  axles,  it  was  found  that  by  ample  lubrication 
the  friction  might  be  made  as  little  as  ^th  of  the  weight,  and  the 
traction,  with  the  ordinary  size  of  wheels,  would  in  such  a  case  be 
about  ^th  of  the  weight.  The  function  of  lubricating  substances 
is  to  prevent  the  rubbing  surfaces  from  coming  into  contact,  where- 
by abrasion  would  be  produced,  and  imguents  are  effectual  in  this 
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XXPANDID  8TEAU. — HMAV  7E188T7BS  AT  DUTERENT  DXN8ITIS8  AND 
BATX  OF  XXPAN8I0N. 

l%e  eoiumn  headed  0  oontaine  the  miudpressure  in  Ibe.,  and  Ihe  remaining  columns 
contain  the  mean  preeeure  in  lbs,,  wOh  different  grades  of  expansion. 
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respect  in  the  proportion  of  their  yiscidity ;  but  if  the  viBcidity  of 
the  unguent  be  greater  than  what  suffices  to  keep  the  surfaces 
asunder,  an  additional  resistance  will  be  occasioned ;  and  the  nature 
of  the  unguent  selected  should  always  have  reference,  therefore,  to 
the  size  of  the  rubbing  surfaces,  or  to  the  pressure  per  square  inch 
upon  them.  With  oil,  the  friction  appears  to  be  a  minimum  when 
the  pressure  on  the  surface  of  a  bearing  is  about  90  lbs.  per  square 
inch :  the  friction  from  too  small  a  surface  increases  twice  as  rapidly 
as  the  friction  from  too  large  a  surface ;  added  to  which,  the  bear- 
ing, when  the  surface  is  too  small,  wears  rapidly  away.  For  all 
sorts  of  machinery,  the  oil  of  Patrick  Sarsfield  Devlan,  of  Beading, 
Pa.,  is  the  best.  ^ 

H0R8I  FOWm. 

A  horse  power  is  an  amount  of  mechanical  force  capable  of  rais- 
ing S3,X)00  lbs.  one  foot  high  in  a  minute.  The  average  force  ex- 
erted by  the  strongest  horses,  amounting  to  83,000  lbs.,  raised  one 
foot  high  in  the  minute,  was  adopted,  and  has  since  been  retained. 
The  efficacy  of  engines  of  a  given  size,  however,  has  been  so  much 
increased,  that  the  dimensions  answerable  to  a  horse  power  then, 
will  raise  much  more  than  83,000  lbs.  one  foot  high  in  the  minute 
now ;  so  that  an  (xctiuil  horse  power,  and  a  nominal  horse  power 
are  no  longer  convertible  terms.  In  some  engines  every  nominal 
horse  power  will  raise  52,000  lbs.  one  foot  high  in  the  minute,  in 
others  60,000  lbs.,  and  in  others  66,000  lbs. ;  so  that  an  actual  and 
nominal  horse  power  are  no  longer  comparable  quantities, — the  one 
being  a  unit  of  dimension,  and  the  other  a  unit  of  force.  The  ac- 
tual horse  power  of  an  engine  is  ascertained  by  an  instrument  called 
an  indicator ;  but  the  nominal  power  is  ascertained  by  a  reference 
to  the  dimensions  of  the  cylinder,  and  may  be  computed  by  the 
following  rule :— ^Multiply  the  square  of  the  diameter  of  the  cylin- 
der in  inches  by  the  velocity  of  the  piston  in  feet  per  minute,  and 
divide  the  product  by  6,000 ;  the  quotient  is  the  number  of  nominal 
horses  power.  In  using  this  rule,  however,  it  is  necessary  to  adopt 
the  speed  of  piston  which  varies  with  the  length  of  the  stroke.  The 
speed  of  piston  with  a  two  feet  stroke  is,  according  to  this  system, 
160  per  minute ;  with  a  2  ft.  6  in.  stroke,  170  ;  3  ft.,  180 ;  8  ft.,  6 
in.,  189 ;  4  ft.,  200 ;  5  ft.,  215 ;  6  ft.,  228 ;  7  ft.,  245 ;  8  ft.,  256  ft. 

By  ascertaining  the  ratio  in  which  the  velocity  of  the  piston 
increases  with  the  length  of  the  stroke,  the  element  of  velocity  may 
be  cast  out  altogether ;  and  this  for  most  purposes  is  the  most  con- 
venient method  of  procedure.  To  ascertain  the  nominal  power  by 
this  method,  multiply  the  square  of  the  diameter  of  the  cylinder  in 
inches  by  the  cube  root  of  the  stroke  in  feet,  and  divide  the  pro- 
duct by  47 ;  the  quotient  is  the  number  of  nominal  horses  power 
of  the  engine.  This  rule  supposes  a  uniform  effective  pressure  upon 
the  piston  of  7  lbs.  per  square  inch ;  the  effective  pressure  upon 
the  piston  of  4  horse  power  engines  of  some  of  the  best  makers 
has  been  estimated  at  6*8  lbs.  per  square  inch,  and  the  pressure 
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increased  slightly  with  the  power,  and  became  6*94  lbs.  per  square 
inch  in  engines  of  100  horse  power;  bat  it  appears  to  be  tnore  con- 
venient to  take  a  uniform  pressure  of  7  lbs.  for  all  powers.  Small 
engines,  indeed,  are  somewhat  less  effeotive  in  proportion  than  large 
ones ;  but  the  difference  can  be  made  up  bj  slightly  increasing  the 
pressnre  in  the  boiler ;  and  small  boilers  will  bear  such  an  increase 
without  inconvenience. 

Nominal  power,  it  is  clear,  cannot  be  transformed  into  actual 
power,  for  the  ncmunal  horse  power  expresses  the  size  of  an  engine, 
and  the  actual  horse  power  the  number  of  times  88,000«lbs.  it  will 
lift  one  foot  hi^h  in  a  minute.  To  find  the  number  of  times  83,000 
lbs.  or  528  cubic  feet  of  water,  an  engine  will  raise  one  foot  high 
in  a  minute,-^-K)r,  in  other  words,  the  actual  power, — ^we  first  find  the 
pressure  in  the  cylinder  by  means  of  the  indicator,  from  which  we 
deduct  a  pound  and  a  half  of  pressure  for  friction,  the  loss  of 
power  in  working  the  air  pump,  &;c. ;  multiply  the  area  of  the  « 
piston  in  square  inches  by  this  residual  pressure,  and  by  the  motion 
of  the  piston,  in  feet  per  minute,  and  divide  by  38,000;  the 
quotient  is  the  actual  number  of  horse  power.  The  same  result  is 
attained  by  squaring  the  diameter  of  the  cylinder,  multiplying  by 
the  pressure  per  square  inch,  as  shown  by  the  indicator,  less  a  pound 
and  a  half,  and  by  the  motion  of  the  piston  in  feet,  and  dividing  by 
42,017.  f"  The  quantity  thus  arrived  at,  will,  in  the  case  of  nearly  all 
modem  engines,  be  very  different  from  that  obtained  by  multiplying 
the  square  of  the  diameter  of  the  cylinder  by  the  cube  root  of  the 
stroke,  and  dividing  by  47,  which  expresses  the  nominal  power ;  and 
the  actual  and  nominal  power  must  by  no  means  be  confounded,  as 
they  are  totally  different  things.  The  duty  of  an  engine  is  the 
work  done  in  relation  to  the  fuel  consumed,  and  in  ordinary  mill  or 
marine  engines  it  can  only  be  ascertained  by  the  indicatdr,  as  the 
load  upon  such  engines  is  variable,  and  cannot  readily  be  deter- 
mined :  but  in  the  case  of  engines  for  pumping  water,  where  the 
load  is  constant,  the  number  of  strokes  performed  by  the  engine 
represents  the  duty ;  and  a  mechanism  to  register  the  number  of 
strokes  made  by  the  engine  in  a  given  time,  is  a  sufficient  test  of 
the  engine's  performance. 

In  lugh  pressure  engines  the  actual  power  is  readily  ascertained 
by  the  indicator,  by  the  same  process  by  which  the  actual  power  of 
low  pressure  engines  is  ascertained.  The  friction  of  a  locomotive 
engine  when  unloaded,  is  found  by  experiment  to  be  about  1  lb.  per 
square  inch  on  the  surface  of  the  pistons,  and  the  additional  friction 
caused  by  any  additional  resistance  is  estimated  at  about  '14  of 
that  resistance ;  but  it  will  be  a  sufficiently  near  approximation  to 
the  power  consumed  by  friction  in  high  pressure  engines,  if  we 
make  a  deduction  of  a  pound  and  a  half  from  the  pressure  on  that 
account,  as  in  the  case  of  low  pressure  engines.  High  pressure 
engines,  it  is  true,  have  no  air  pump  to  work ;  but  the  deduction  of 
a  pound  and  a  half  of  pressure  is  relatively  a  much  smaller  one 
where  the  pressure  is  high  than  where  it  does  not  much  exceed  the 
V  16 
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pressure  of  the  atmosphere.  The  rule,  therefore,  for  the  actual 
horse  poWer  of  a  high  pressure  engine  will  stand  thus : — Square 
the  diameter  pf  the  cylinder  in  inches,  multiply  by  the  pressure  of 
the  steam  in  the  cylinder  per  square  inch,  less  H  lbs.,  and  by  the 
speed  of  the  piston  in  feet  per  minute,  and  divide  by  42,017  ;  the 
quotient  is  the  actual  hors^  power.  The  nominal  horse  power  of  a 
high  pressure  engine  has  never  been  defined ;  but  it  should  obvi- 
ously hold  the  same  relation  to  the  actual  power  as  that  which 
obtains  in  the  case  of  condensing  engines,  so  that  an  engine  of  a 
given  nominal  horse  power  may  do  capable  of  performing  the  same 
work,  whether  high  pressure  or  condensmg.  This  relation  is  mam- 
tained  in  the  following  rule,  which  expresses  the  nominal  hone 
power  of  high  pressure  engines : — ^Multiply  the  square  of  the  diame- 
ter of  the  cylinder  in  inches  by  the  pressure,  on  the  piston  in  pounds 
per  square  inch,  and  by  the  speed  of  the  piston  in  feet  per  minute, 
and  divide  the  product  by  120,000 ;  the  quotient  is  the  power  of 
the  engine  in  nominal  horses  power.  If  the  pressure  upon  the 
piston  be  80  lbs.  per  square  inch,  the  operation  may  be  abbreviated 
by  multiplying  the  square  of  the  diameter  of  the  cylinder  by  the 
speed  of  the  piston,  and  dividing  by  1,500,  which  will  give  the 
same  result.  This  rule  for  nominal  horse  power,  however,  is  not 
representative  of  the  dimensions  of  the  cylinder ;  but  a  rule  for  the 
nominal  horse  power  of  high  pressure  engines  which  shall  discard 
altogether  the  element  of  velocity,  is  easily  constructed ;  and,  as 
different  pressures  are  used  in  different  engines,  the  pressure  must 
beeome  an  element  in  the  computation.  The  rule  for  the  nominal 
power  will  therefore  stand  thus: — ^Multiply  the  square  of  the 
diameter  of  the  cylinder  in  inches  by  the  pressure  on  the  piston  in 
pounds  per  square  inch,  and  the  cube  root  of  the  stroke  in  feet,  and 
divide  the  product  by  940 ;  the  quotient  is  the  power  of  the  en^e 
in  nominal  horse  power,  the  engine  working  at  the  ordinary  speed 
of  128  times  the  cube  root  of  the  stroke. 

A  summary  of  the  results  arrived  at  by  these  rules  b  given  in 
the  following  tables,  which,  for  the  convenience  of  reference,  we 
introduce. 


PABALLEL  KOTIOS. 

Rule  I. — In  9uch  a  combination  of  two  levers  as  m  represented  in 
Figs.  1  and  2,  page  245,  to  find  the  length  of  radius  oar  required 
for  any  given  length  of  lever  O  (?,  and  proportion  of  parts  of  the  Kni, 
G  E  and  F  E^  so  as  to  make  the  point  E  move  in  a  perpendiculor 
line. — ^Multiply  the  length  of  G  C  by  the  length  of  the  segment  6  E, 
and  divide  the  product  by  the  length  of  the  segment  F  £.  The 
quotient  is  the  length  of  the  radius  bar. 

Rule  II.— {Fig.  2,  page  245.)  The  length  of  the  radius  bar  and 
of  00-  being  given^  to  find  the  length  of  the^segment  {FE)  of  the 
link  next  the  radius  bar. — Multiply  the  length  of  C  G  by  the 
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Tablh  of  Nominal  Sarae  Power  of  Low  Preisur^  Enginen. 

"SJ 

Lnrani)!  Snou  IS  Tnr. 

1 

H 

2 

2J 

8 

8J 

4 

4J 

6 

6J 

6 

7 

•81 

•80 

-43 

•46 

•48 

•62 

-64 

•60 

•58 

•60 

•02 

-06 

•63 

-61 

•67 

•72 

•70 

-81 

-84 

•88 

•91 

•94 

•90 

1-02 

-76 

•87 

•96 

1-04 

1-10 

1-16 

1-22 

1-20 

1-81 

1-36 

1-80 

1-47 

1-04 

1-19 

1-81 

1^41 

1-60 

1-68 

1-06 

1-72 

1-78 

1-84 

1-80 

1-09 

1-36 

1-66 

1-72 

1-86 

1-96 

»07 

2-10 

2-26 

2-38 

2-40 

2-47 

2-60 

1-72 

1-97 

2-17 

2-84 

249 

2-62 

2-74 

2-84 

2-96 

3-04 

813 

8-80 

10 

2-lS 

2-44 

2-68 

2-80 

8-OT 

8-28 

8-38 

8-61 

8-04 

3-76 

3-87 

4-07 

u 

2^7 

2-96 

8-24 

8-49 

8-77 

8-91 

416 

4-26 

4-40 

4-54 

408 

4-92 

12 

*06 

<«1 

8*86 

^4-16 

4-42 

4-66 

4-86 

6-00 

6-24 

6-41 

6-67 

6-80 

IS 

3-00 

4-12 

4-68 

^88 

6-19 

6'46 

6-04 

6-94 

0-15 

0-86 

0-68 

0-88 

14 

4-17 

fr77 

6-26 

6-06 

6-01 

6-83 

0-02 

0-88 

7-18 

7-80 

7-68 

7-98 

16 

4^77 

6-48 

606 

0-60 

OW 

7-27 

7-00 

7-00 

810 

8-46 

8-70 

9-10 

10 

6-45 

6-28 

6'86 

7-39 

7-86 

8-27 

»06 

8-00 

9-81 

9-61 

9-90 

10-42 

17 

6^16 

7-04 

7-76 

8-86 

8-86 

0-84 

9-70 

10-16 

10-62 

10-86 

1117 

11-70 

18 

6-80 

7-89 

8-68 

0^ 

9-94 

10-47 

10-94 

11-88 

11-79 

12-17 

12-53 

1319 

19 

7-68 

8-70 

9-68 

10-42 

11-17 

11-68 

12-19 

12HW 

18-18 

18-60 

18-90 

1409 

SO 

8-51 

9-74 

10-72 

11-66 

12-27 

12-02 

13-51 

14-06 

14-65 

15-02 

16-40 

10-28 

:B 

10^ 

11-79 

12iff 

18-08 

14-86 

16-63 

10-02 

17-80 

17-05 

18-18 

18-71 

19-70 

M 

12^ 

14^ 

16-44 

16-68 

17-67 

18-01 

19-46 

20-23 

20i» 

81-08 

22-27 

23-44 

26 

14-88 

10-46 

18-12 

19-52 

20-75 

21-84 

22-50 

28-76 

24-0 

25-80 

20-14 

27-51 

S8 

16H» 

19K» 

21-02 

22-64 

24-06 

25-88 

20-48 

27-64 

28-52 

20-44 

80-81 

81-00 

ao 

10-16 

21-02 

24-18 

26-99 

27-62 

20<y7 

8040 

81-61 

82-74 

83-80 

34-80 

86-68 

S2 

21-70 

24-96 

27-61 

20-67 

81-42 

88-08 

84-50 

86-97 

87-20 

88-40 

80-60 

41-08 

34 

21-60 

28-16 

80-99 

88-88 

86-44 

87-84 

80-04 

40-00 

42K)0 

43-41 

44-00 

47-05 

86 

27-67 

81-66 

84-74 

87-42 

80-77 

41-87 

43-77 

45-52 

4716 

4807 

80-11 

52-75 

38 

80-72 

86-17 

88-71 

41-00 

44Hi6 

46-64 

48-77 

60-72 

52-64 

64-28 

65-88 

68-78 

40 

84-04 

38-97 

42-89 

46-20 

40-10 

61-00 

64-04 

60-20 

68-21 

OOHK) 

01-80 

08-12 

42 

87-68 

4»96 

47-29 

60-94 

64-18 

60iW 

60-58 

01-90 

04-18 

00-25 

08-21 

71-78 

44 

4119 

4716 

61-90 

66-91 

60-88 

02-64 

00-46 

08-00 

7044 

72-71 

74-85 

78-70 

40 

46-02 

61-64 

6072 

6110 

64-88 

08-10 

71-48 

74-88 

70-60 

70-47 

81-81 

8812 

48 

«H>2 

66-11 

61-76 

66-68 

70-70 

74-42 

77-82 

80-94 

83-88 

86-58 

80-08 

03-78 

00 

63-19 

60-89 

67-02 

72-19 

76-71 

80-70 

84^44 

87-82 

0000 

08-80 

90-66 

101-7 

02 

67-86 

66-86 

72-48 

78-08 

88-00 

87-85 

00-26 

94-98 

08-40 

101-56 

104-6 

1100 

54 

6204 

71-02 

78-17 

84-20 

80-48 

94-20 

98-40 

1024 

106-1 

100-6 

112-7 

118-7 

06 

6672 

76-88 

84-07 

00-66 

00^ 

101-80 

106-0 

110-1 

1141 

117-8 

121-2 

127-0 

OS 

71-68 

81-98 

00-18 

9714 

103-2 

106-0 

118-6 

118-2 

122-4 

120-8 

129-2 

130-7 

00 

7660 

87-68 

96-60 

108-9 

110-4 

UO-S 

121-6 

120-4 

181-0 

185-2 

189-2 

140-6 

62 

81-79 

93-62 

103-04 

111-0 

117-00 

124-18 

129-81 

185-03 

180-80 

144-87 

148-0 

150-7 

64 

8716 

99-84 

UOi) 

118-8 

125-7 

132-8 

138-8 

148-9 

140-0 

168-82 

168-4 

100-7 

06 

92-68 

100-1 

116-8 

126-8 

1330 

140-7 

147-8 

153-0 

158-5 

108-0 

1084 

177-8 

68 

08^ 

112-6 

123-9 

188-6 

141-8 

140-4 

160-2 

162-4 

168-2 

173-0 

178-8 

188-2 

TO 

104-26 

119-8 

131-8 

141-6 

150-4 

158-8 

105-5 

172-1 

178-2 

184K) 

180-4 

1094 

72 

110-30 

120-2 

189<) 

149-7 

150-1 

107-4 

1751 

1821 

188-0 

104-7 

200-4 

211-0 

74 

116-6 

188-4 

14fr8 

1681 

107-0 

176-7 

185-4 

192-4 

100-2 

205-7 

211-0 

2234 

76 

12M 

140^ 

164-8 

100-8 

178-0 

1860 

195-0 

202i) 

210-1 

2169 

228-8 

236-1 

78 

129-4 

148-2 

163-1 

176-0 

1807 

100-6 

2054 

212-1 

221-4 

228-6 

235-2 

247-0 

80 

13»2 

166-8 

171-6 

184-8 

106-4 

200-7 

2161 

224-8 

282*8 

240-4 

247-4 

260-6 

82 

143-0 

163-8 

180-2 

194-2 

200-2 

217-8 

220-9 

237-8 

244-0 

252-6 

20OH) 

278-8 

84 

160-1 

171-8 

189-1 

208-8 

210-6 

227-0 

288-8 

247-8 

250-7 

265K) 

272-8 

287-1 

86 

167-4 

180-1 

198-2 

2180 

227-0 

237-8 

2474 

268-2 

200-1 

277-8 

286H) 

301-0 

88 

16A-8 

188-6 

207-6 

223-0 

237-6 

250-2 

201-0 

272-0 

281-7 

200-8 

200-4 

815-2 

00 

17*8 

197-8 

-il71 

233-9 

248-0 

201-7 

2780 

284-6 

281-7 

804-2 

813-2 

320-7 

length  of  the  link  G  F,  and  divide  the  product  by  the  sum  of  the 
lengths  of  the  radius  bar  and  of  G  G.  The  quotient  is  the  length 
required. 

Rule  III. — {Pig9.  8  and  4,  pages  246  and  247.)  To  find  the  length 
of  the  radius  bar  {FH)^  the  kryth  of  00-  being  given. — Square  the 
length  of  C  G,  and  divide  it  by  the  length  of  D  G.  The  quotient 
is  the  length  required. 

Bulb  IV. — {Figs,  8  and  4,  pages  246  and  247.)  To  find  the  length 
of  the  radius  bar,  the  horizontal  distance  of  its  centre  (H)  from  the 
main  centre  being  given. — To  this  given  horizontal  distance,  add  half 
the  versed  sine  (D  N)  of  the  arc  described  by  the  end  of  beam  (D). 
Square  this  sum.     Take  the  same  sum^  and  add  to  it  the  length  of 
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Tabus  of  Nominal  ffar$e  Power  of  Sigh  Pressure  JEnginei. 

in 

Ii»av^  or  tzMu  nr  Vm. 

1 

n 

2 

2i 

3 

H 

4 

4i 

6 

H 

6 

7 

2 

•26 

•29 

•82 

•36 

•W 

•88 

•40 

42 

•44 

•46 

-iA 

•48 

8* 

'30 

-ib 

•60 

*i 

•67 

•60 

•68 

•96 

•68 

•70 

72 

76 

8 

•67 

•66 

■72 

•78 

•83 

•87 

•91 

•96 

•98 

1-01 

1H)4 

1-10 

3i 

•78 

•89 

•98 

1-06 

113 

1-19 

1^24 

1^2f 

1-84 

1-88 

1^ 

1-40 

4 

1-02 

117 

1-29 

1-86 

1-47 

1-66 

1-62 

1-68 

174 

1^80 

1-66 

1-96 

4i 

1-29 

1-48 

1-68 

1-76 

l^86 

1-96 

9K)6 

9-18 

9-21 

9^9B 

2« 

947 

r 

1-69 

1-83 

IhA 

216 

8-28 

9-43 

8-62 

»64 

978 

2-82 

9-88 

»06 

H 

1-98 

9-21 

2-43 

2-62 

278 

2-98 

8-12 

8^18 

8-66 

8^ 

8*61 

W9 

6 

8-28 

9-61 

2-86 

812 

8-30 

8-48 

8-66 

8-78 

8-98 

4-06 

4-17 

441 

6* 

2-69 

8-09 

8-39 

8-66 

8-90 

4-08 

4-28 

4-44 

4-68 

477 

4-89 

8-16 

7 

312 

8*67 

8-98 

4-28 

4-60 

4-74 

4-96 

frl6 

fr84 

6^«2 

«-«7 

6*7 

7i 

360 

4-U 

4-68 

4-86 

6-19 

6^46 

6-70 

6-M 

frl6 

6-88 

8*1 

087 

« 

4-08 

468 

6-16 

SS 

6-88 

6^21 

6-48 

6-76 

099 

7-90 

7-41 

7-M 

8i 

4-62 

6-28 

fr8a 

6-63 

6-99 

7-82 

T-62 

7-89 

8-18 

8-87 

8*2 

9 

616 

A-91 

6-61 

7-02 

7^47 

7-86 

8-22 

8-68 

8-86 

••18 

9-89 

O90 

04 

6-7« 

6-60 

7-26 

7-80 

8-37 

8-76 

9-16 

9-61 

9-84 

10-17 

1047 

1001 

10 

6-39 

7-82 

8-04 

8-67 

9-21 

9-^ 

M-14 

10*8 

l(h98 

11-28 

U-61 

19-21 

104 

7-05 

8-04 

8-88 

9-64 

10-14 

10-68 

11-16 

U-61 

19<ffl 

VM2 

1978 

1347 

U 

7-71 

8*86 

9-72 

10-47 

11-31 

11-73 

12-46 

12-76 

18^20 

1»«S 

14-04 

1476 

lU 

8-43 

9-66 

10-62 

11-46 

12-16 

12-78 

13-80 

18-92 

14-61 

14-91 

U-88 

10-14 

12 

9-18 

10-53 

U-68 

12-41 

13-26 

18-96 

14-68 

16-18 

1672 

1«« 

16-71 

17*8 

124 

9-96 

11-40 

12-67 

18-63 

14-87 

16-U 

16-84 

lfr47 

17-04 

17-68 

18-12 

19*8 

13 

10-80 

12-36 

13-69 

14-64 

15-67 

16-38 

16-92 

17-82 

18-46 

1»«6 

10*0 

21*4 

m 

11-64 

13-32 

14-64 

16-78 

16-77 

17-67 

18-48 

19-90 

19-89 

90-62 

81-16 

2926 

14 

12-61 

14-31 

16-76 

l&W 

18-08 

18^» 

19-86 

90-64 

21-89 

22D8 

9274 

28*4 

14i 

13-41 

16-36 

16-92 

18-21 

19^85 

20-87 

21-80 

82-14 

&•» 

2370 

94-80 

26*3 

16 

14-31 

16-44 

18-09 

19-60 

90-70 

21-81 

22-80 

28-70 

94-67 

25-86 

96-10 

97-48 

16 

16-86 

18-09 

20-68 

2217 

23-68 

24-81 

26H» 

86-97 

27^98 

28-88 

99-70 

81*6 

17 

18-46 

2112 

28-26 

26-06 

26-68 

28-02 

29-26 

80^ 

81-66 

32-66 

88*7 

86*8 

18 

20-67 

23-67 

26KM 

28-08 

29-82 

81-41 

82-62 

8414 

86-37 

86-61 

8760 

3067 

19 

2304 

26-37 

29-04 

81-26 

83*61 

84-98 

36-67 

88-04 

80-89 

40-68 

41^68 

44*7 

20 

26-63 

29-22 

82-16 

84-66 

3681 

36-76 

40-53 

42-16 

43-66 

46'06 

46^88 

48-81 

22 

3O90 

86-37 

88-91 

41-94 

44*66 

46-89 

49-66 

61-90 

62-96 

64-64 

66-18 

60-10 

24 

86-78 

42-09 

46-82 

49-69 

63-01 

56-83 

68-36 

60-69 

62-86 

64-69 

00-81 

70*2 

26 

4317 

49^88 

64-86 

68-66 

62-25 

66-62 

67-68 

71-26 

78-80 

76-17 

78-49 

SMS 

26 

60^04 

67^27 

6306 

67-92 

72-18 

76-99 

79-44 

82-62 

86-66 

88-88 

9008 

0670 

90 

67-46 

66-76 

72-39 

77-97 

82-86 

87-21 

91-20 

94-88 

98-22 

101-40 

1044 

1000 

32 

66-37 

74-88 

82-63 

88-71 

94-26 

99-24 

103'7 

107-9 

111-8 

116-4 

118-7 

US* 

34 

73-80 

84-48 

92'9 

100-22 

106-3 

112-0 

117-1 

121-8 

126-2 

130-2 

184-0 

1411 

86 

82-71 

94-68 

104-2 

112-2 

119-S 

126-6 

181-8 

136-6 

14W 

146H) 

U08 

168* 

38 

92-16 

106M» 

116-1 

126-9 

134-0 

186-9 

146-3 

162-1 

167'6 

1627 

167* 

1700 

40 

102-1 

116-9 

129-6 

128-6 

1473 

165-1 

1621 

168-6 

174-6 

180-2 

186-6 

lOfr* 

42 

112-6 

128-9 

141-8 

162-8 

162-4 

170-9 

178-7 

185-9 

192« 

1987 

904-0 

216* 

44 

123-6 

141^ 

165-7 

1677 

1781 

167-6 

199-4 

904-0 

811-8 

2181 

224* 

2308 

46 

136^0 

164'« 

1701 

183-8 

194-6 

204-6 

214-3 

223-0 

980-0 

288*4 

946* 

958-8 

48 

147-0 

168-8 

186-8 

190-tf 

2121 

223-2 

283-4 

242-8 

261-6 

269« 

267-2 

281* 

SO 

169-6 

182-6 

201-O 

216-6 

230-1 

242-3 

263-8 

268-4 

872-9 

281-8 

2809 

9061 

62 

172-6 

197-6 

217-4 

234-2 

249-0 

262-0 

270-7 

284-9 

296-2 

904-6 

313* 

3300 

54 

186-1 

213-0 

234-6 

252-6 

a68-4 

282-6 

295-4 

807-2 

8188 

828-8 

888-1 

3501 

56 

200-1 

2291 

262-2 

271-6 

288-7 

303-9 

817-7 

830^ 

842-8 

868-4 

863-0 

3820 

58 

214-7 

246-8 

270-6 

291-4 

309-6 

825-8 

340-8 

854-6 

867-2 

878-9 

8897 

410-1 

CO 

229-6 

263-0 

289-6 

811-7 

331-2 

348-9 

364-8 

879-2 

883-0 

406-6 

417* 

430* 

the  beam  (G  D).  Divide  the  square  previoualj  found  by  this  last 
8um,  and  tne  quotient  is  the  length  sought. 

Rule  Y.—(Fig%.  6  and  6,  page%  247,  248,)— To  find  the  lengtl 
of  the  raditis  bar^  0  Q-  and  JP  Q  being  given. — Square  C  G,  and 
multiply  the  square  by  the  length  of  the  side  rod  (P  D) :  call  this 
product  A.  Multiply  Q  D  by  the  length  of  the  side  lever  (C  D). 
From  this  product  subtract  the  product  of  D  P  into  G  G,  and  divide 
A  by  the  remainder.     The  quotient  is  the  length  required. 

RuLB  YL—{Fig8. 5  and  6,  pages  247, 248.)  To  find  the  length  of 
the  radius  bar  ;  P  Qy  and  the  horizontal  distance  of  the  centre  Hof 
the  radius  bar  from  the  main  centre  being  given. — To  the  given  hori- 
zontal distance  add  half  the  versed  sine  (D  N)  of  the  arc  described 
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by  tbe  extremity  (D)  of  the  side  lever.  Square  this  sum  and  mul- 
tiply the  square  by  the  length  of  the  side  rod  (P  D\  Call  this  pro* 
duct  A.  Take  the  same  horizontal  distance  as  beiore  added  to  the 
same  half  versed  sine  (D  N),  and  multiply  the  sum  by  the  length  of 
the  side  rod  (P  D) :  to  the  product  add  the  product  of  the  length  of 
v2 


J 
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Fig.  8. 


the  side  lever  G  D  into  the  length  of  Q  D,  and  di?ide  A  by  the 
sum.     The  quotient  will  be  the  length  required. 

When  the  centre  H  of  the  radius  has  its  position  determined, 
rules  4  and  6  will  always  give  the  length  of  the  radius  bar  F  H. 
To  get  the  length  of  C  G,  it  will  only  be  necessary  to  draw  through 
the  point  F  a  line  parallel  to  the  side  rod  D  P,  and  the  point  where 
that  line  cuts  D  C  will  be  the  position  of  the  pin  G. 

In  using  these  formulas  and  rules,  the  dimensions  must  all  be 
taken  in  the  same  measure ;  that  is,  either  all  in  feet,  or  all  in 
inches  ;  and  when  sreat  accuracy  is  required,  the  corrections  given 
in  Table  (A)  must  be  added  to  or  subtracted  from  the  calculated 
length  of  the  radius  bar,  according  as  it  is  less  or  greater  than  the 
length  of  G  G,  the  part  of  the  beam  that  works  it. 

1.  Rule  4. — Let  the  horizontal  distance  (M  G)  of  the  centre  (H) 


THB  8TEAU  EKGINB. 
Fig.  4. 


247 


FSg.  6. 


of  the  radius  bar  from  the  main  centre  be  equal  to  51  inches ;  the 
half  versed  sine  D  N  =  3  inches,  and  D  C  =  126  inches ;  then  by 
the  rule  we  will  have 


(51  +  3)»      _  (54)^      2916 
61  +  3  +  126  ""  180  ""  180 


=  16-2  inches, 


whfch  is  the  required  length  of  the  radius  bar  (F  H). 
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Fig.  6. 


2.  Rule  5. — The  following  dimensions  are  those  of  the  Red  Royer 
steamer:    C  G  =  82  DP  =  94  QD  =  74  C  D  =«  65  PQ  =  20. 

By  the  rule  we  have,  A  =  (32?  X  94  =  96256  and 
96256  96256 

74  X  65  -  94  X  32  ""  1802  "  ^^'^' 
which  is  the  required  length  of  the  radius  bar. 

3.  Rule  6. — Take  the  same  data  as  in  the  last  example,  only 
supposing  that  0  G  is  not  given,  and  that  the  centre  H  is  fixed  at 
a  horizontal  distance  from  the  main  centre,  equal  to  83*5  inches. 
Then  the  half  versed  sine  of  the  arc  D'  J)  C  will  be  about  2 
inches,  and  we  will  have  by  the  rule 

A  «  (83-6  +  2)»  X  94  =  705963-5  and 

A 705963-5  _  ^.  ^  . 

85-5  X  94  +  65  X  74  ""    1284-7    ""  ^^'^  ^^^^^ 
the  required  length  of  the  radius  bar  in  this  case. 


Table  (A). 

F  H 
This  column  gires  7=-pr  when 

Correction  to  be  added  to  or 

®        CG 

subtracted  from  the  calcu- 

CG is  the  greater,  and  rrn 

lated  length  of  the  radius 

bar,  in  decimal  parts  of  its 

when  F  H  is  the  greater. 

calculated  length. 

1-0 

0 

•9 

•0034 

•8 

•0076 

•7 

•01 63 

•6 

•0270 

•5 

•04J32 

•4 

•0817 
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C  G 

In  both  of  the  last  two  examples  w^  »  *6  nearly.  The  correc- 
tion found  by  Table  (A),  therefore,  would  be  64  X  -027  =  1-458 
inchee,  which  mast  be  subtracted  from  the  lengths  already  found 
for  the  radius  bar,  because  it  is  longer  than  G  G.  The  corrected 
lengths  will  therefore  be 

In  example  2. P  H  =  61-94  inches. 

In  example  8 F  H  «  58*34  inches. 

Rule. — To  find  the  depth  qf  tJte  main  beam  at  the  centre. — Diyide 
the  length  in  inohes  from  the  centre  of  motion  to  the  point  where 
the  piston  rod  is  attached,  by  the  diameter  of  the  cylinder  in 
inches ;  multiply  the  quotient  by  the  maximum  pressure  in  pounds 
per  square  inch  of  the  steam  in  the  boiler ;  divide  the  proauct  by 
202  for  cast  iron,  and  236  for  malleable  iron :  in  either  case,  the 
cnbe  root  of  the  quotient  multiplied  by  the  diameter  of  the  cylinder 
in  inches  jdves  the  depth  in  inches  of  the  beam  at  the  centre  of 
motion.  To  find  the  breadth  at  the  centre. — Divide  the  depth  in 
inches  by  16 ;  the  quotient  is  the  breadth  in  inches. 

An  engine  beam  is  three  times  the  diameter  of  the  cylinder,  from 
the  centre  to  the  point  where  the  piston  rod  acts  on  it ;  the  force 
of  the  steam  in  the  boiler  when  about  to  force  open  the  safety 
Talve  is  10  lbs.  per  square  inch.  Required  the  depth  and  breadth 
when  the  beam  is  of  cast  iron. 

In  this  case  n  »  S,  and  P  »  10,  and  therefore' 


»{^}* 


d^D^^j    «-58D. 

The  breadth  «  ^^  D  -=  -08  D. 
16 

It  will  be  observed  that  our  rule  gives  the  least  value  to  the 
depth.  In  actual  practice,  however,  it  is  necessary  to  make  allow- 
ance for  accidents,  or  for  faultiness  in  the  materials.  This  may  be 
done  by  making  the  depth  greater  than  that  determined  by  the 
rule ;  or,  perhaps  more  properly,  by  taking  the  pressure  of  the  steam 
much  greater  than  it  can  ever  possibly  be.  As  fot  the  dimensions 
of  the  other  parts  of  the  beam,  it  is  obvious  that  they  ought  to 
diminish  towards  the  extremities ;  for  the  power  of  a  beam  to  resist 
a  cross  strain  varies  inversely  as  its  length.  The  dimensions  may 
be  determined  from  the  formula /&  d*  »  6W  L 

To  apply  the  formula  to  cranks,  we  may  assume  the  depth  at  the 
shaft  to  be  equal  to  n  times  the  diameter  of  the  shaft ;  hence,  if 
fn  X  D  be  the  diameter  of  the  shaft,  the  depth  of  the  crank  will 
be  n  X  m  X  D.  Substituting  this  in  the  formula  /6d'a=6WZ, 
and  it  becomes  /6  X  n^  X  m*  X  D*  =  6  W  Z.  Now,  as  before, 
W  =  -7854  X  P  X  D*,  so  that  the  formula  becomes  /  X  6  x  n*  X 
fn*  s  4-7124  X  P  X  ?.  The  value  of  n  is  arbitrary.  In  practice 
it  may  be  made  equal  to  1^  or  1*5.     Taking  this  value,  then,  for 
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cast  iron,  (he  formula  becomes  15800  X  6  x  }  X  m*  =  4-7124  x 
P  X  ?,  or  7305  m'  6  =  P  i ;  but  if  L  denote  the  length  of  the  crank 
in  feet,  the  formula  becomes  609  w*  J  «  PL,  and  .••  6  *  P  x 
L  -^  609  m\  This  formula  may  be  put  into  the  form  of  a  rule, 
thus : — 

Rule. — To  find  the  breadth  at  the  ihaft  when  the  depth  u  equal 
to  1 J  times  the  diameter  of  the  shaft. — Divide  the  square  of  the 
diameter  of  the  shaft  in  inches  by  the  square  of  the  diameter  of 
the  cylinder ;  multiply  the  quotient  by  609,  and  reserve  the  pro- 
duct for  a  divisor ;  multiply  the  greatest  el&Btic  force  of  the  steam 
in  lbs.  per  square  inch  by  the  length  of  the  crank  in  feet,  and 
divide  the  product  by  the  reserved  divisor:  the  quotient  is  the 
breadth  of  the  crank  at  the  shaft. 

A  crank  shaft  is  \  thd  diameter  of  the  cylinder;  the  greatest 
possible  force  of  the  steam  in  the  boiler  is  20  lbs.  per  square  inch ; 
and  the  length  of  the  shaft  is  8  feet.  Required  the  breadth  of  the 
crank  at  the  shaft  when  its  depth  is  equal  to  1|  times  the  diameter 
of  the  shaft. 

609 

In  this  case  »t  —  i,  so  that  the  reserved  divisor  —  jg-  =*  88 : 

again,  elastic  force  of  steam  in  lbs.  per  square  inch  »  20  lbs. ; 

8  X  20 
hence  width  of  crank  «=  — gg —  =  1*6  inches  nearly. 

Rule. — To  find  the  diameter  af  a  revolving  shaft. — Form  a 
reserved  divisor  thus :  multiply  the  number  of  revolutions  which 
the  shaft  makes  for  each  double  stroke  of  the  piston  by  the  number 
1222  for  cast  iron,  and  the  number  1876  for  malleable  iron.  Then 
divide  the  radius  of  the  crank,  or  the  radius  of  the  wheel,  by  the 
diameter  of  the  cylinder ;  multiply  the  quotient  by  the  greatest 
pressure  of  the  steam  in  the  boiler  expressed  in  lbs.  per  square 
inch ;  divide  the  product  by  the  reserved  divisor ;  extract  the  cube 
root  of  the  quotient,  and  multiply  the  result  by  the  diameter  of 
the  cylinder  in  inches.  The  product  is  the  diameter  of  the  shaft 
in  inches. 

BTRBNGTH  OF  KODS  WHEN  THE  STRAIN  IS  WHOLLY  TENSILE  ;    SUCH  AS 
THE  PISTON  ROD  OF  SINGLE  ACTING  ENGINES,  PUMP  RODS,  ETC. 

Rule. — To  find  the  diameter  of  a  rod  exposed  to  a  tensHe  force 
only. — Multiply  the  diameter  of  the  piston  in  inches  by  the  square 
root  of  the  greatest  elastic  force  of  the  steam  in  the  boiler  esti- 
mated in  lbs.  per  square  inch ;  the  product,  divided  by  95,  is  the 
diameter  of  the  rod  in  inches. 

Required  the  diameter  of  the  transverse  section  of  a  piston  rod 
in  a  single  acting  engine,  when  the  diameter  of  the  cylinder  is  50 
inches,  and  the  greatest  possible  force  of  the  steam  in  the  boiler  is 
16  lbs.  per  square  inch.     Here,  according  to  the  formula, 

50    200 

^  **  95  ^  ^         "95"  ™  ^'^  inches. 
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Bulb. — To  find  the  strength  of  rods  alternately  extended  and 
campressedy  such  as  the  piston  rods  of  double  acting  engines. — Mul- 
tiply the  diameter  of  the  pistoiS  in  inches  by  the  square  root  of  the 
maximum  pressure  of  the  steam  in  lbs.  per  square  inch ;  divide  the 
product  by 

47  for  cast  iron, 

50  for  malleable  iron. 

This  rule  applies  to  the  piston  rods  of  double  acting  engines, 
parallel  motion  rods,  air-pump  and  force-pump  rods,  and  the  like. 
The  rule  may  also  be  applied  to  determine  the  strength  of  connect- 
ing rods,  by  taking,  instead  of  P,  a  number  P',  such  that  P^  X  sine 
of  the  greatest  angle  which  the  connecting  rod  makes  with  the 
direction  =  P. 

Supposing  the  greatest  force  of  the  steam  in  the  boiler  to  be  16 
lbs.  per  square  inch,  and  the  diameter  of  the  cylinder  50  inches ; 
required  the  diameter  of  the  piston  rod,  supposing  the  engine  to  be 
doable  acting.     In  this  case 

for  cast  iron  5  «=  __  v^  P  «  —    —  ss  6  inches  nearly ; 
47  47  '^ 

for  malleable  iron  <Z  =  _  vH?  "  4  inches. 

The  pressure,  however,  is  always  taken  in  practice  at  more  than  16 
lbs.  If  the  pressure  be  taken  at  25  lbs.,  the  diameter  of  a  malle- 
able iron  piston  rod  will  be  5  inches,  which  is  the  usual  proportion. 
Piston  rods  are  never  made  of  cast  iron,  but  air-pump  rods  are 
sometimes  made  of  brass,  and  the  connecting  rods  of  land  engines 
are  cast  iron  in  most  cases. 

FORMULAS  FOB  THX  STBSNQTH  OF  VARIOUS  PARTS  OF  MARINE  ENGINES. 

The  following  general  rules  give  the  dimensions  proper  for  the 
parts  of  marine  engines,  and  we  shall  recapitulate,  with  all  possible 
Drevity,  the  data  upon  which  the  denominations  rest. 

Let  pressure  of  the  steam  in  boiler  »  p  lbs.  per  square  inch, 
Diameter  of  cylinder  *  u  inches. 
Length  of  stroke        «  2  B  inches. 

The  vacuum  below  the  piston  is  never  complete,  so  that  there 
always  remains  a  vapour  of  steam  possessing  a  certain  elasticity.' 
We  may  suppose  this  vapour  to  be  able  to  balance  the  weight  of  the 
piston.  Hence  the  entire  pressure  on  the  square  inch  of  piston  in 
lbs.  ^  p  +  pressure  of  atmosphere  «  15  +  jp.  We  shall  substi- 
tute P  for  15  -t-  p.    Hence 

Entire  pressure  on  piston  in  lbs.  =  -7854  X  (15  -t-  j^)  x  D* 

=  -7854  X  P  X  D*. 

The  dimensions  of  the  paddle-shaft  journal  may  be  found  from 
the  following  formulas,  which  are  calculated  so  that  the  strain  in 
ordinary  working  »  |  elastic  force. 

Diameter  of  paddle-shaft  journal  =  -08264  {R  X  P  X  D*}* 
Length  of  ditto  =  1^  x  diameter. 
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The  dimensions  of  the  several  parts  of  the  crank  may  be  found 
from  the  following  formulas,  whicn  yre  calculated  so  that  the  strain 
in  ordinary  working  «  one-half  the  elastic  force ;  and  when  one 
paddle  is  suddenly  brought  up,  the  strain  at  shaft  end  of  crank  »  f 
elastic  force,  the  strain  at  pin  end  of  crank  ~  elastic  force. 

Exterior  diameter  of  large  eye  =  diameter  of  paddle-shaft  + 

j  D  [P  X  1-561  X  R»  +  '00494  x  D»  x  PQ^ )  * 

I  75-59  X  y/R  J 

Length  of  ditto  ^  diameter  of  paddle  shaft. 
Exterior  diameter  of  small  eye  «  diameter  of  crank  pin  + 

•02521  X  v/P  X  D.  

Length  of  ditto  =  -0375  X  •  P  X  D. 
Thickness  of  web  at  paddle  centre  » 

jp^xPx  ^/ {1-561  X  R»+   Q0494X  iyxP}|^ 
(  9000  3 

Breadth  of  ditto  ^  2  X  thickness. 
Thickness  of  web  at  pin  centre  —  -022  X  \/P  X  D. 
Breadth  of  ditto  =  }  x  thickness. 

As  these  formulas  are  rather  complicated,  we  may  show  what 
they  become  when  j?  =  10  or  P  =  25. 

Exterior  diameter  of  large  eye  »  diameter  of  paddle  shaft  + 

JP^/ (1-561  X  R»  +  -123yx"]y))^ 

1  15-12  X  ^/"R  3 

Length  of  ditto  =  diameter  of  paddle  shaft. 

Exterior  diameter  of  small  eye  »  equal  diameter  of  crank  pin  + 
•126  X  D. 

Lenffth  of  ditto  «=  -1876  x  D. 

ThicKness  of  web  at  pin  centre  «  -11  X  D. 

Breadth  of  ditto  »  f  X  thickness  of  web. 

The  dimensions  of  the  crank  pin  journal  may  be  found  from  the 
following  formulas,  which  are  calculated  so  that  strain  when  bear- 
ing at  outer  end  »  elastic  force,  and  in  ordinary  working  strain  » 
one-third  of  elastic  force.  _^ 

Diameter  of  crank-pin  journal  =*  -02836  x  s/  P  x  D. 

Length  of  ditto  ""  |  X  diameter. 

The  dimensions  of  the  several  parts  of  the  cross  head  may  be  found 
from  the  following  formulas,  in  which  we  haye  assumed,  for  the 
purpose  of  calculation,  the  length  <^  1*4  X  D.     The  formulas 

have  been  calculated  so  as  to  give  the  strain  of  web  =  0-99F  ^ 
elastic  force  ;  strain  of  journal  in  ordinary  working  ==  ----  x  elastic 

Z'OO 

force,  and  when  bearing  at  outer  end  =  -i^^r^  X  elastic  force. 
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Exterior  diameter  of  eye  —  diameter  of  hole  +  '02827  X  P*  x  D. 

Depth  of  ditto  ==  -0979  x  P*  x  D^ 
Diameter  of  journal  =  -01716  X  v/  P  X  D. 
Length  of  ditto  »  |  diameter  of  journal. 

Thickness  of  web  at  middle  *  -0246  x  P*  x  D. 

Breadth  of  ditto  =  -09178  X  P*  X  D. 

Thickness  of  web  at  journal  «  -0122  x  P^  x  D. 

Breadth  of  ditto  =  -0208  x  P^  x  D. 

The  dimensions  of  the  several  parts  of  the  piston  rod  may  be 
fouBd  from  the  following  formulas,  which  ar^  calculated  so  that  the 
strain  of  piston  rod  »  |  elastic  force. 

Diameter  of  the  piston  rod  »■  Y       — : 

ou 

Length  of  part  in  piston  -=  -04  X  D  X  P.  ^ 

Major  diameter  of  part  in  crosshead  ^'019  X  */P  x  D. 
Minor  diameter  of  ditto  «  -018  X  ^/P  X  D.  _ 
Major  diameter  of  part  in  piston  =  '028  X  y/'P  x  D. 
Minor  diameter  of  ditto  =  -028  X  •?  X  D. 

Depth  of  gibs  and  cutter  through  crosshead  =  -0858  x  P*  x  D. 

Thickness  of  ditto  -  -007  x  P*  x  D.  _ 

Depth  of  cutter  through  piston  «  -017  x  -v/P  X  D. 

Thickness  of  ditto  «  -007  X  P^  x  D. 

The  dimensions  of  the  seyeral  parts  of  the  connecting  rod  may 
be  found  from  the  following  formulas,  which  are  calculated  so  that 
the  strain  of  the  connecting  rod  and  the  strain  of  the  strap  are  both 
equal  to  one-sixth  of  the  elastic  force.  , 

Diameter  of  connecting  rod  at  ends  «  -019  x  P'  x  D. 

Diameter  of  ditto  at  middle  "»  {1  +  -0035  x  length  in  inches} 
X  019  X  v^P  x  D. 

Major  diameter  of  part  in  crosstail  =  -0196  X  P*  x  D. 

Minor  ditto  »  -018  x  P^  x  D. 

Breadth  of  butt  =  -0813  x  P^  x  D. 

Thickness  of  ditto  «  -026  X  P^  X  D.  _ 

Mean  thickness  of  strap  at  cutter  ^  -00854  x  s/P  X  D. 
Ditto  above  cutter  =  -00634  x  v/P  x  D.  _ 

Distance  of  cutter  from  end  of  strap  =  -0097  x  \/P  X  D. 

Breadth  of  gibs  and  cutter  through  crosstail »  •0858  x  P^  x  D. 

Breadth  of  gibs  and  cutter  through  butt  =«  -022  x  P^  x  D. 

Thickness  of  ditto  -»  -00564  X  P^  X  D. 
W 
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The  dimensions  of  the  several  parts  of  the  side  rods  may  he 
found  from  the  following  formulas,  which  are  calculated  so  as  to 
mal^e  the  strain  of  the  side  rod  »  one-sixth  of  elastic  force,  and 
the  strains  of  strap  and  cutter  »  one-fifth  of  elastic  force. 

Diameter  of  cylinder  side  rods  at  ends  «  '0129  x  P*  x  D. 
Diameter  of  ditto  at  middle  »  (1  +  '0035  x  length  in  inches). 

X  -0129  X  P^  X  D. 

Breadth  of  butt  —  '0154  x  P*  x  D. 

Thickness  of  ditto  =  -0122  x  P^  x  D. 

Diameter  of  journal  at  top  end  of  side  rod  —  'OlTie  x  P*  x  D. 
Length  of  journal  at  top  end  »  |  diameter. 

Diameter  of  journal  at  bottom  end  ™  '014  x  P*  x  D. 

Length  of  ditto  =  -0152  x  P^  X  D. 

Mean  thickness  of  strap  at  cutter  «  *00643  x  P^  x  D. 

Ditto  below  cutter  ^  -0047  x  P^  x  D. 

Breadth  of  gibs  and  cutter  =  -016  X  P^  x  D. 

Thickness  of  ditto  =  -0033  x  P*  X  D. 

The  dimensions  of  the  main  centre  journal  may  be  found  from 
the  following  formulas,  which  are  calculated  so  as  to  make  the 
strain  in  ordinary  working  »  one  half  elastic  force. 

Diameter  of  main  centre  journal  «  '0867  X  P*  X  D. 

Length  of  ditto  »  |  X  diameter. 

The  dimensions  of  the  several  parts  of  the  air-pump  may  be 
found  from  the  corresponding  formulas  given  above,  by  taking  for 
D  another  number  d  the  diameter  of  air-pump. 

DIMENSIONS  OF  THE   SEVERAL  PARTS  0¥  FURNACES  AND  BOILERS. 

Perhaps  in  none  of  the  parts  of  a  steam  engine  does  the  practice 
of  engineers  vary  more  than  in  those  connected  with  furnaces  and 
boilers.  There  are,  no  doubt,  certain  proportions  for  these,  as  well 
as  for  the  others,  which  produce  the  maximum  amount  of  usefiil 
effect  for  particular  given  purposes ;  but  the  determination  of  these 
proportions,  from  theoretical  considerations,  has  hitherto  been  at- 
tended with  insuperable  difficulties,  arising  principally  from  our  im*- 
perfect  knowledge  of  the  laws  of  combustion  of  fuel,  and  of  the  laws 
according  to  which  caloric  is  imparted  to  the  water  in  the  boiler. 
In  giving,  therefore,  the  following  proportions  for  the  different 
parts,  we  desire  to  have  it  understood  that  we  do  not  affirm  th^m 
to  be  the  best,  absolutely  considered ;  we  give  them  only  as  the 
average  practice  of  the  best  modern  constructors.  Li  most  of  the 
cases  we  have  given  the  average  value  per  nominal  horse  power. 
It  is  well  known  that  the  term  horse  power  is  a  conventional  unit 
for  measuring  the  size  of  steam  engines,  just  as  a  foot  or  a  mile  is 
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s  unit  for  the  measarement  of  extension.  There  is  this  difference, 
however,  in  the  two  cases,  that  whereas  the  length  of  a  foot  is 
fixed  definitiyely,  and  is  known  to  everj  one,  the  dimensions  proper 
to  an  engine  horse  power  differ  in  the  practice  of  every  different 
maker :  and  the  same  kind  of  confusion  is  thereby  introduced  into 
engineering  as  if  one  person  were  to  make  his  foot-rule  eleven 
inches  long,  and  another  thirteen  inches.  It  signifies  very  little 
what  a  horse  power  is  defined  to  be ;  but  when  once  defined,  the 
measurement  should  be  kept  inviolable.  The  question  now  arises, 
what  standard  ought  to  be  the  accepted  one.  For  our  present  pur- 
pose, it  is  necessary  to  connect  by  a  formula  the  three  quantities, 
nominal  horses  power,  length  of  stroke,  and  diameter  of  cylinder. 
With  this  intention, 

Let  S  B  length  of  stroke  in  feet, 

d  >=  diameter  of  cylinder  in  inches ; 

cP  X  ^S 
Then  the  nominal  horse  power  «  — r^ —  nearly. 

I.  Area  of  Fire  Qrate. — The  average  practice  is  to  give  '55 
square  feet  for  each  nominal  horse  power.  Hence  the  following 
rule: 

RuLB  1. — To  find  the  area  of  the  fire  grate. — Multiply  the  num- 
ber of  horses  power  by  '55 ;  the  product  is  the  area  of  the  fire  grate 
in  square  feet. 

Required  the  total  area  of  the  fire  grate  for  an  engine  of  400 
horse  power.  Here  total  area  of  fire  grate  in  square  feet  »  400  X 
•5§  =  220. 

A  rule  may  also  be  found  for  expressing  the  area  of  the  fire  grate 
in  terms  of  the  length  of  stroke  and  the  diameter  of  the  cylinder. 
For  this  purpose  we  have,  __ 

total  area  of  fire  grate  = j^ feet  =  — ^ —  feet. 

This  formula  expressed  in  words  gives  the  following  rule. 

RuLB  2. — To  find  the  area  of  firegrate. — Multiply  the  cube  root 
of  the  length  of  stroke  in  feet  by  the  square  of  the  diameter  in  in- 
ches; divide  the  product  by  86;  the  quotient  is  the  area  of  fire 
grate  in  square  feet. 

Required  the  total  area  of  the  fire  srate  for  an  engine  whose 
stroke  =  8  feet,  and  diameter  of  cylinder  =  50  inches. 

Here,  according  to  the  rule,  ___ 

^    .      50*x^8      2600x2 
total  area  of  fire  grate  m  square  feet  =  — gg —  =  — gg = 

5000       ,^ 

-gg-  =  59  nearly. 

In  order  to  work  this  example  by  the  first  rule,  we  find  the 
nominal  horse  power  of  the  engine  whose  dimensions  we  have  spe- 
cified is  104*3;  hence, 
.  total  area  of  fire  grate  in  square  feet  =  106*4  x  "55  =  58 '5. 
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With  regard  to  these  rules  ire  may  remark,  not  only  that  they 
are  founded  on  practice,  and  therefore  empyrical,  hut  they  are  only 
applicable  to  large  engines.  When  an  engine  is  very  small,  it  re- 
quires a  much  larger  area  of  fire  grate  in  proportion  to  its  size  than 
a  larger  one.  This  depends  upon  the  necessity  of  having  a  certain 
amount  of  fire  grate  for  the  proper  eombustion  of  the  coal. 

II.  Length  ^  Fumaee.- — The  length  of  the  furnace  diiers  con- 
siderably, even  in  the  practice  of  the  same  ^gineer.  Indeed,  all 
the  dimensions  of  the  furnace  depend  to  a  certain  extent  upon  the 
peculiarity  of  its  position.  From  the  difficulty  of  firing  long  fur- 
naces efficiently,  it  has  been  found  more  beneficial  to  restrict  the 
length  of  the  furnace  to  about  six  feet  than  to  employ  furnaces  of 
greater  length. 

III.  Height  of  Furnace  above  Bars. — This  dimension  is  variable, 
but  it  is  a  common  practice  to  make  the  height  about  two  feet. 

rV.  Capacity  of  Furnace  Chamber  above  Bars. — The  average 
per  horse  power  may  be  taken  at  1*17  feet»  Hence  the  following 
rule : 

Rule. — To  find  the  capacity  of  furnace  chcmber  above  bars. — 
Multiply  the  number  of  nominal  horses  power  by  1'17  ;  the  pro- 
duct is  the  <;apacity  of  furnace  chambers  above  bars  in  cubic  feet. 

V.  Areas  of  Flues  or  Tubes  in  smallest  part. — The  average  value 
of  the  area  per  horse  power  is  11*2  sq.  in.  Hence  we  have  the  fol- 
lowing rule : 

Rule.— To  find  the  total  area  of  the  flues  or  tuies  in  smallest 
part. — Multiply  the  number  of  horse  power  by  11*2 ;  the  product 
IS  the  total  area  in  square  inches  of  flues  or  tubes  in  smallest  part 

Required  total  area  of  flues  or  tubes  for  the  boiler  of  a  steam  en- 
gine when  the  horse  power  *=  400. 

For  this  example  we  have,  according  to  the  rule, 

Total  area  in  square  inches  =  400  x  11*2  =  4480. 

We  may  also  find  a  very  convenient  rule  expressed  in  terms  of 
the  stroke  and  the  diameter  of  cylinder.     Thus,  _ 

11'2  X  iP  X  "^S 

Total  area  of  tubes  or  flues  in  square  inches  ■* j= 

■"        4       • 

VI.  Effective  Seating  Surface. — The  effective  heating  surface  of 
flue  boilers  is  the  whole  of  furnace  surface  above  bars,  the  whole 
of  tops  of  flues,  half  the  sides  of  flues,  and  none  of  the  bottoms; 
hence  the  effective  flue  surface  is  about  half  the  total  flue  surface. 
In  tubular  boilers,  however,  the  whole  of  the  tube  surface  is  reckoned 
effective  surface. 

EFFECTIVE   HEATING  SURFACE  OF  FLUE  BOILERS. 

Rule  1. — To  find  the  effective  heating  surface  of  marine  flue 
boilers  of  large  size. — ^Multiply  the  number  of  nominal  horse 
power  by  5 ;  the  product  is  the  area  of  effective  heating  surface  in 
square  feet. 
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Required  the  effectiye  heating  surface  of  an  engine  of  400  nomi* 
nal  horse  power. 

In  this  case,  according  to  the  role,  effective  heatinfg  surface  in 
square  feet  »  400  X  5  »  2000. 

The  effective  heating  surface  may  be  expressed  in  terms  of  the 
length  of  stroke  and  the  diameter  of  the  cylinder. 

RuLB  2. — To  find  the  total  effective  heating  eurface  of  marine 
fiue  boilen. — ^Multiply  the  squar^  of  the  diameter  of  cylinder  in 
inches  by  the  cube  root  of  the  length  of  stroke  in  feet ;  divide  the 
product  by  10 :  the  quotient  expresses  the  number  of  square  feet 
of  effective  heating  surface. 

Required  the  amount  of  effective  heating  surface  for  an  engine 
whose  stroke  »  8  ft.,  and  diameter  of  cylinder  »  50  inches. 

Here^  according  to  Rule  2,  effective  heating  surface  in  square  feet 

5y  X  ^8      2500  X  2      5000 
"       10       ^  "^0       ^  To* "  ^"^• 
To  solve  this  example  according  to  the  first  rule,  we  have  the 
nominal  horse  power  of  the  engine  equal  to  106*4.     Hence,  ac- 
cording to  Rule  2,  total  effective  neating  surface  in  square  feet  » 
106-4  X  4-92  -  523J. 

EFFECnVB  HEATINQ  SUBTACB  OF  TUBVLAB  BOILERS. 

The  effective  heating  surface  of  tubular  boilers  is  about  equal  to 
the  total  heating  surface  of  flue  boilers,  or  is  double  the  effective 
surface ;  but  then  the  total  tube  surface  is  reckoned  effective  sur- 
face. 

It  appears  that  the  total  heating  surface  of  flue  and  tubular  ma- 
rine boilers  is  about  the  same,  namely,  about  -10  square  feet  per 
horse  power. 

Vn.  Area  of  Chimney.^— Rvle  1. — To  find  the  area  of  chimney. 
— ^Multiply  the  number  of  nominal  horse  power  by  10*28 ;  the  pro- 
duct is  Uie  area  of  chimney  in  square  inches. 

Required  the  area  of  the  chimney  for  an  engine  of  400  nominal 
horse  power. 

In  this  example  we  have,  according  to  the  rule, 
area  of  chimney  in  square  inches  »  400  X  10*28  »  4092. 

We  may  also  find  a  rule  for  connecting  together  the  area  of  the 
chimney,  the  length  of  the  stroke,  and  the  diameter  of  the  cylinder. 

RuLB  2. — To  find  the  area  of  the  chimney. — ^Multiply  the  square 
of  the  diameter  expressed  in  inches  by  the  cube  root  of  the  stroke 
expressed  in  feet ;  divide  the  product  by  the  number  5 ;  the  quo- 
tient expresses  the  number  of  square  inches  in  the  area  of  chimney. 

Required  the  area  of  the  chimney  for  an  engine  whose  stroke  » 
8  feet,  and  diameter  of  cylinder  »  50  inches. 

We  have  in  this  example  from  the  rule, 

^  ^.          .               .        •    .  50«  X  ^8      8500  X  2 
area  of  chimney  in  square  inches  « g ■■ g =■ 

1000. 

w2  17 
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To  work  this  example  according  to  the  first  rule,  we  find,  that 
the  nominal  horse  power  of  this  engine  is  104-6 :  hence, 

area  of  chimney  in  square  inches  «  104*6  x  10'23  =«  1070. 

The  latter  value  is  greater  than  the  former  one  by  70  inches. 
This  difierence  arises  from  our  taking  too  great  a  divisor  in  Rule  2. 
Either  of  the  values,  liowever,  is  near  enough  for  all  practical 
purposes. 

VIII.  Water  in  Boiler. — The  quantity  of  water  in  the  boiler 
differs  not  only  for  different  boilers,  but  differs  even  for  the  same 
boiler  at  different  times.  It  may  be  useful,  however,  (lb  know  the 
average  quantity  of  water  in  the  boiler  for  an  engine  of  a  given 
horse  power. 

Rule  1. — To  determine  the  average  quantity  of  water  in  tkt 
Jotfer.—rMultiply  the  number  of  horse  power  by  5 ;  the  product 
expresses  the  cubic  feet  of  water  usually  in  the  boiler. 

This  rule  may  be  so  modified  as  to  make  it  depend  upon  the 
stroke  and  diameter  of  the  cylinder  of  engine. 

Rule  2. — To  determine  the  eubie  feet  of  water  usually  in  the 
boiler. — Multiply  together  the  cube  root  of  the  stroke  in  feet,  the 
square  of  the  diameter  of  the  cylinder  in  inches,  and  the  number  5 ; 
divide  the  continual  product  by  47 ;  the  quotient  expresses  the  cu- 
bic feet  of  water  usually  in  the  boiler. 

Required  the  usual  quantity  of  water  in  the  boilers  of  an  engine 
whose  stroke  »  8  feet,  and  diameter  of  cylinder  50  inches. 

Here  we  have  from  the  rule, 

5  X  50«  X  ^8      5  X  2500  x  2 

cubic  feet  of  water  in  boiler  = -r^ « r^ 

25000       ^.„'      , 
=     ^^     =  532  nearly. 

The  engine,  with  the  dimensions  we  have  specified,  is  of  106-4 
nominal  horse  power.    Hence,  according  to  Rule  1, 

cubic  feet  of  water  in  boiler  =  106*4  x  6  «  632. 

IX.  Area  of  Water  Level. — Rule  1. — To  find  the  area  of  water 
level. — The  area  of  water  level  contains  the  same  number  of  square 
feet  as  there  are  units  in  the  number  expressing  the  nominal  horse 
power  of  the  engine. 

Required  the  area  of  water  level  for  an  engine  of  200  nominal 
horse  power.  According  to  the  rule,  the  answer  is  200  square 
feet. 

We  add  a  rule  for  finding  the  area  of  water  level  when  the  di- 
ameter of  cylinder  and  the  length  of  stroke  is  given. 

Rule  2. — To  find  the  area  ^  water  level. — Multiply  the  sqnare 
of  the  diameter  in  inches  by  the  cube  root  of  the  stroke  in  feet ; 
divide  the  product  by  47 ;  the  quotient  expresses  the  number  of 
square  feet  in  the  area  of  water  level. 

Required  the  area  of  the  water  level  for  an  engine  whose  stroke 
is  8  feet,  and  diameter  of  cylinder  50  inches. 
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In  this  case,  according  to  the  roley 

area  of  water  level  in  square  feet  =« r?? —  =  106. 

X.  Steam  Boom, — It  is  obvious  that  the  steam  room,  like  the 
quantity  of  water,  is  an  extremely  variable  quantity,  differing,  not 
only  for  different  boilers,  but  even  in  the  same  boiler  at  different 
times.  It  is  desirable,  however,  to  know  the  content  of  that  part 
of  the  boiler  usually  filled  with  steam. 

Rule  1. — To  determine  the  average  quantity  of  steam  room. — 
Multiply  the  number  expressing  the  nominal  horse  power  by  8 ; 
the  product  expresses  the  average  number  of  cubic  feet  of  steam 
room. 

Required  the  average  capacity  of  steam  room  for  an  engine  of 
460  nominal  horse  power. 

According  to  the  rule, 

Average  capacity  of  steam  room  »  460  x  8  cubic  feet  »  1880 
cubic  feet.. 

This  rule  may  be  so  modified  as  to  apply  when  the  length  of 
stroke  and  diameter  T)f  cylinder,  are  given. 

Rule  2. — Multiply  the  square  of  the  diameter  of  the  cylinder 
in  inches  by  the  cube  root  of  the  stroke  in  feet ;  divide  the  product 
by  15 ;  the  quotient  expresses  the  number  of  cubic  feet  of  steam 
room. 

Required  the  average  capacity  of  steam  room  for  an  engine  whose 
stroke  is  8  feet,  and  £ameter  of  cylinder  5  inches. 

In  this  case,  according  to  the  rule, 

.       ^.  ^          50>x^8      2500x2      5000 
Steam  room  in  cubic  feet  » jg «  — jg —  «  "T5"  "" 

333J. 

We  find  that  the  nominal  horse  power  of  this  engine  is  106-4 ; 
hence,  according  to  Rule  1, 
average  steam  room  in  cubic  feet  »  106*4  x  3  =  820  nearly^ 
Before  leaving  these  rules,  we  would  again  repeat  that  they  ought 
not  to  be  considered  as  rules  founded  upon  considerations  for  giving 
the  maximum  effect  from  the  combustion  of  a  given  amount  of  fuel ; 
and  consequently  the  engineer  ought  not  to  consider  them  as  inva- 
riable, but  merely  to  be  followed  as  far  as  circumstances  will  per- 
mit. We  give  them,  indeed,  as  the«  medium  value  of  the  very  va- 
riable practice  of  several  well-known  constructors ;  consequently, 
although  the  proportions  given  by  the  rules  may  not  be  the  best 
possible  for  producing  the  most  useful  effect,  still  the  engineer  who 
is  guided  by  them  is  sure  not  to  be  very  far  from  the  common  prac- 
tice of  most  of  our  best  engineers.  It  has  often  been  lamented  that 
the  methods  used  by  different  engine  makers  for  estimating  the 
nominal  powers  of  their  engines  have  been  so  various  that  we  can 
form  no  real  estimate  of  the  dimensions  of  the  engine,  from  its  re- 
puted nominal  horse  power,  unless  we  know  its  maker ;  but  the 
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Bame  confiision  ezists,  also,  to  some  extent,  in  the  constraction  of 
boileri.  Indeed,  manjr  things  may  be  mentioned,  which  hare 
hitherto  operated  as  a  barrier  to  the  practical  application  of  any 
standard  of  engine  power  for  proportioning  the  different  parts  of 
the  boiler  and  nirnace.  The  magnitude  of  furnace  and  the  extent 
of  heating  surface  necessary  to  produce  any  required  rate  of  eva- 
porAtion  in  the  boiler  are  indeed  known,  yet  each  engine-maker 
has  his  own  rule  in  these  matters,  and  which  he  seems  to  thmk  pre- 
ferable to  all  others,  and  there  are  various  circumstances  influ- 
encing the  result  which  render  facts  incomparable  unless  those  cir- 
cumstanced are  the  same.  Thus  the  circumstances  that  goyem  the 
rate  of  evaporation,  as  influenced  by  different  degrees  of  draught, 
may  be  regarded  as  but  imperfectly  known.  And,  supposing  the 
'  difficulty  of  ascertaining  this  rate  of  evaporation  were  surmounted, 
there  would  still  remain  some  difficulty  in  ascertaining  the  amount 
of  power  absorbed  by  the  condensation  of  the  steam  on  its  passage 
to  the  cylinder — the  imperfect  condensation  of  the  same  steam  afUr 
it  has  worked  the  piston — the  friction  of  the  various  moving  parts 
of  the  machinery — and,  especially,  the  difference  of  effect  of  these 
losses  of  power  in  engines  constructed  on  different  scales  of  magni- 
tude. Practice  must  often  vary,  to  a  certain  extent,  in  the  con- 
struction of  the  different  parts  of  the  boiler  and  furnace  of  an  en- 
gine ;  for,  independently  of  the  difficulty  of  solving  the  general 
problem  in  engineering,  the  determination  of  the  maximum  effect 
with  the  minimum  of  means,  practice  would  still  require  to  vary 
according  as  in  any  particular  case  the  desired  minimum  of  means 
was  that  of  weight,  or  bulk,  or  expense  of  materiaP.  Again,  in  es- 
timating the  proper  proportions  for  a  boiler  and  its  appendages, 
reference  ought  to  be  made  to  the  distinction  between  the  '*  power" 
or  '^  effect"  of  the  boiler,  and  its  ^^  duty."  This  is  a  distinction  to 
be  considered  also  in  the  engine  itself.  The  power  of  an  engine 
has  reference  to  the  time  it  takes  to  produce  a  certain  mechanical 
effect  without  reference  to  the  amount  of  fuel  consumed ;  and,  on 
the  other  hand,  the  duty  of  an  engine  has  reference  to  the  amount 
of  mechanical  effect  produced  by  a  certain  consumption  of  fuel,  and 
is  independent  of  the  time  it  takes  to  produce  that  effect.     In  ex- 

Eressing  the  duty  of  engines,  it  would  have  prevented  much  need- 
iss  confusion  if  the  duty  of  the  boiler  had  been  entirely  separated 
from  that  of  the  engine,  as,  indeed,  they  are  two  very  distinct 
things.     The  duty  performed  by  ordinary  land  rotative  ateam  en- 
gines is —  .  . 
One  horse  power  exerted  by  10  lbs.  of  fuel  an  hour ;  or,' 
Quarter  of  a  million  of  lbs.  raised  1  foot  high  by  1  lb.  of  coal ;  or, 
Twenty  millions  of  lbs.  raised  one  foot  by  each  bushel  of  coals. 
Though  in  the  best  class  of  rotative  engines  the  consumption  is 
not  above  half  of  this  amount. 

The  constant  aim  of  different  engine  makers  is  to  increase  the 
amount  of  the  duty ;  that  is,  to  make  10  lbs.  of  fuel  exert  a  greater 
effect  than  one  horse  power ;  or,  in  other  words,  to  make  1  lb.  of 
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coal  raise  more  than  a  quarter  of  a  million  of  lbs.  one  foot  high. 
To  a  ffreat  extent  they  have  been  snccessful  in  this.  They  have 
caused  5  lbs.  of  coal  to  exert  the  force  of  one  horse  power,  and  even 
in  some  cases  as  little  as  3^  lbs. ;  but  in  these  latter  .cases  the 
economy  is  due  chiefly  to  expansive  action.  In  some  of  the  enginc^s, 
however,  working  witn  a  consumption  of  10  lbs.  of  coal  per  nomifj(£l 
horse  hower  per  hour,  the  power  really  exerted  amounts  to  much 
more  than  that  represented  by  88,000  lbs.  lifted  one  foot  high  in 
the  minute  for  each  horse  power.  Some  engines  lift  56,000  lbs. 
one  foot  high  in  the  minute  by  each  horse  power,  with  a  consump- 
tion of  10  lbs.  of  coal  per  horse  power  per  hour ;  and  eyen  tlus 
performance  has  been  somewhat  exceeded  without  a  recourse  to  ex- 
pansive action.  In  all  modern  engines  the  actual  performance 
much  exceeds  the  nominal  power ;  and  reference  must  be  had  to 
this  circumstance  in  contrasting  the  duty  of  different  engines. 

MECHANICAL  POWEB  OF  STEAM. 

We  may  here  give  a  table  of  some  of  the  properties  of  steam, 
and  of  its  mechanical  effects  at  different  pressures.  This  table  may 
help  to  solve  many  problems  respecting  the  mechanical  effect  of 
steam,  usually  requiring  much  laborious  calculation. 
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It  is  quite  dear  that  although  there  is  no  theoretical  limit  to  the 
benefit  derivable  from  expansion,  there  must  be  a  limit  in  practice, 
arising  from  the  friction  incidental  to  the  use  of  very  larse  cylin- 
ders, the  magnitude  of  the  deduction  due  to  uncondensed  vapour 
when  the  steam  is  of  a  very  low  pressure,  and  other  circumstances 
which  it  is  needless  to  relate.    It  is  clear,  too,  that  while  the  effi- 
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cienc  J  of  the  steam  is  increased  by  expansiye  action,  the  efficiency 
of  the  engine  is  diminished,  unless  the  pressure  of  the  steam  or  the 
speed  of  the  piston  be  increased  correspondingly ;  and  that  an  en- 
gine of  any  given  size  will  not  exert  the  same  power  if  made  to  ope- 
rate expansively  without  any  other  alteration  that  would  hare  been 
realized  if  the  engine  had  been  worked  with  the  full  pressure  of  the 
steam.  In  the  Cornish  engines,  which  work  with  steam  of  40  lbs. 
on  the  inch,  the  steam  is  cut  off  at  one-twelfth  of  the  stroke  ;  but 
if  the  steam  were  cut  off  at  one-twelfth  of  the  stroke  in  engines  em- 
ploying a  very  low  pressure,'  it  would  probably  be  found  that  there 
would  be  a  loss  rather  than  a  gain  from  carrying  the  expansion  so 
far,  as  the  benefit  might  be  more  than  neutralized  by  the  friction 
incidental  to  the  use  of  so  large  a  cylinder  as  would  be  necessary 
to  accomplish  this  expansion ;  and  unless  the  vacuum  were  a  veiy 
good  one,  there  would  be  but  little  difference  between  the  pressure 
of  the  steam  at  the  end  of  the  stroke  and  the  pressure  of  the  va- 
pour in  the  condenser,  so  that  the  urging  force  might  not  at  that 
point  be  sufficient  to  overcome  the  friction.  In  practice,  therefore, 
in  particular  cases,  expansion  may  be  carried  too  far,  though  theo* 
retically  the  amount  of  the  benefit  increases  with  the  amount  of  the 
expansion. 

We  must  here  introduce  a  simple  practical  rule  to  enable  those 
who  may  not  be  familiar  with  mathematical  symbols  to  determine 
the  amount  of  benefit  due  to  any  particular  measure  of  expansion. 
When  expansion  is  performed  by  an  expansion  valve,  it  is  an  easy 
thing  to  ascertain  at  what  point  of  the  stroke  the  valve  is  shut  by 
the  cam,  and  where  expansion  is  performed  by  the  slide  valve  the 
amount  of  expansion  is  easily  determinable  when  the  lap  and  stroke 
of  the  valve  are  known. 

Rule. — To  find  the  Increase  of  JEfficiency  armngfrom  working 
Steam  expansively. — Divide  the  total  length  of  the  stroke  by  the 
distance  (which  call  1)  through  which  the  piston  moves  before  the 
steam  is  cut  off.  The  hyperbolic  logarithm  of  the  whole  stroke  ex- 
pressed in  terms  of  the  part  of  the  stroke  performed  with  the  full 
pressure  of  steam,  represents  the  increase  of  efficiency  due  to  ex- 
pansion. 

Suppose  that  the  pressure  of  the  steam  working  an  engine  is  45 
lbs.  on  the  square  inch  above  the  atmosphere,  and  that  the  ateam 
is  cut  off  at  one-fourth  oi  the  stroke ;  >rhat  is  the  increase  of  effi- 
ciency due  to  this  measure  of  expansion  ? 

If  one-fourth  be  reckoned  as  1,  then  four-fourths  must  be  taken 
as  4,  and  the  hyperbolic  logarithm  of  4  will  be  found  to  be  1*386, 
which  is  the  increase  of  efficiency.  The  total  efficiency  of  .the  quan- 
tity of  steam  expended  during  a  stroke,  therefore,  which  without 
expansion  would  have  been  1,  becomes  2*386  when  expanded  into  4 
times  its  bulk,  or,  in  round  numbers,  2*4. 

Let  the  pressure  of  the  steam  be  the  same  as  in  the  last  example, 
and  ^let  the  steam  be  cut  off  at  half-stroke :  what,  then,  is  the  in- 
crease of  efficiency  ? 
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Here  half  the  stroke  is  to  be  reckoned  as  1,  and  the  whole  stroke 
has  therefore  to  be  reckoned  as  2.  The  hyperbolic  logarithm  of  2 
is  *693,  which  is  the  increase  of  efficiency,  and  the  total  efficiency 
of  the  stroke  is  1"693,  or  1*7. 

We  may  here  give  a  table  to  illustrate  the  mechanical  effect  of 
steam  under  varying  circumstances.     The  table  shows  the  me- 
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chanical  effect  of  the  steam  generated  from  a  cubic  inch  of  water. 
Our  formula  gives  the  effect  of  a  cubic  foot  of  water ;  but  it  can  bo 
modified  to  ffive  the  effect  of  the  steam  of  a  cubic  inch  by  dividing 
by  1728.  In  this  manner  we  find,  for  the  mechanical  effect  of  the 
steam  of  a  cubic  inch  of  water,  about  3  (459  +  t)  lbs.  raised  one 
foot  high.  The  table  shows  that  the  mechanical  effect  increases 
with  the  temperature.  The  increase  is  very  rapid  for  temperaturea 
below  212^ ;  but  for  temperatures  above  this  the  increase  is  less ; 
and  for  the  temperatures  used  in  practice  we  may  consider,  with- 
out any  material  error,  the  mechanical  effect  as  constant 

INDICATOR. 

An  instrument  for  ascertaining  the  amount  of  the  pressure  of 
steam  and  the  state  of  the  vacuum  throughout  the  stroke  of  a  steam 
engine.  Fitzgerald  and  Neucumn  long  employed  an  instrument 
of  this  kind,  the  nature  of  which  was  for  a  long  time  not  generally 
known.  Boulton  and  Watt  used  an  instrument  acting  upon  the 
sanie  principle  and  equally  accurate ;  but  much  more  portable.  In 
peculiarity  of  construction  it  is  simply  a  small  cylinder  truly  bored, 
and  into  which  a  piston  is  inserted  and  loaded  by  a  spring  of  suit- 
able elasticity  to  the  graduated  scale  thereon  attached. 

The  action  of  an  indicator  is  that  of  describing,  on  a  pieee  of 
paper  attached,  a  diagram  or  figure  approximating  more  or  less  to 
that  of  a  rectangle,  varying  of  course  with  the  merits  or  demerits 
of  the  engine's  productive  effect.  The  breadth  or  height  of  the 
diagram  is  the  sum  of  the  force  of  the  steam  and  extent  of  the  va- 
cuum ;  the  length  being  the  amount  of  revolution  given  to  the  paper 
during  the  piston's  penormance  of  its  stroke. 

To  render  the  indicator  applicable,  it  is  commonly  screwed  into 
the  cylinder  cover,  and  the  motion  to  the  paper  obtained  by  means 
of  a  su£Scient  length  of  small  twine  attached  to  one  of  the  radios 
bars ;  but  such  application  cannot  always  be  conveniently  effected, 
more  especially  in  engines  on  the  marine  principle ;  hence,  other 
parts  of  such  engines,  and  other  means  whereby  to  effect  a  proper 
degree  of  motion,  must  unavoidably  be  resorted  to.  In  those  of 
direct  action  the  crosshead  is  the  only  convenient  place  of  attach- 
ment ;  but  because  the  length  of  the  engine's  stroke  is  considerably 
more  than  the  movement  required  for  the  paper  on  the  indicator, 
it  is  necessary  to  introduce  a  pulley  and  axle,  by  which  means  the 
various  movements  are  qualified  to  suit  each  other. 

When  the  indicator  is  fixed  and  the  movement  for  the  paper  pro- 
perly adjusted,  allow  the  engine  to  make  a  few  revolutions  previous 
to  opening  the  cock ;  by  which  means  a  horizontal  lino  will  be  de- 
scribed upon  the  paper  by  the  pencil  attached,  and  denominated 
the  atmospheric  line,  because  it  aistingi^^hes  between  the  effect  of 
the  steam  and  that  of  the  vacuum.  Open  the  cock,  and  if  the  en- 
gine be  upon  the  descending  stroke,  the  steam  will  instantly  raise 
the  piston  of  the  indicator,  and,  bv  the  motion  of  the  paper  with  the 
pencil  pressing  thereon,  the  top  side  of  the  diagram  will  be  formed. 
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At  the  terminatioxi  of  the  stroke  and  immediately  previous  to  its 
retnniy  the  piston  of  the  indicator  is  pressed  down  by  the  surround- 
ing atmosphere,  consequently  the  bottom  side  of  the  diagram  is  de- 
scribed, and  by  the  time  the  engine  is  about  to  make  another  de- 
scending stroke,  the  piston  of  the  indicator  is  where  it  first  started 
from,  the  diagram  being  completed ;  hence  is  delineated  the  mean 
elastic  action  of  the  steam  above  that  of  the  atmospheric  line,  and 
also  the  mean  extent  of  the  vacuum  underneath  it. 

But  in  order  to  elucidate  more 
clearly  by  example,  take  the  follow- 
ing diagram,  taken  from  a  marine 
engine,  the  steam  being  cut  off  after 
the  piston  had  passed  through  two- 
thirds  of  its  stroke,  the  graduated 
scale  on  the  indicator,  tenths  of  an 
inch,  as  shown  at  each  end  of  the 
diagram  annexed. 

Previous  to  the  cock  beinj 
opened,  the  atmospheric  line  AB 
was  formed,  and,  when  opened,  the 
pencil  was  instantly  raised  by  the 
action  of  the  steam  on  the  piston 
to  0,  or  what  is  generallv  termed 
the  ttarting  comer;  by  tne  move- 
ment of  the  paper  and  at  the  ter- 
mination of  the  stroke  the  line  CD 
was  formed,  showing  the  force  of 
the  Bteam  and  extent  of  expansion ; 
from  D  to  E  show  the  moments  of 
eduction ;  from  E  to  F  the  quality  of  the  vacuum ;  and  from  F  to 
A  the  lead  or  advance  of  the  valve ;  thus  every  change  in  the  en- 
g^e  is  exhibited,  and  every  deviation  from  a  rectangle,  except  that 
of  expansion  and  lead  of  the  valve  show  the  extent  of  proportionate 
defect.  Expansion  produces  apparently  a  defective  diagram,  but 
in  reality  such  is  not  the  case,  because  the  diminished  power  of  the 
engine  is  more  than  compensated  by  the  saving  in  steam.  Also 
the  lead  of  the  valve  produces  an  apparent  defect,  but  a  certain 
amount  must  be  given,  as  being  found  advantageous  to  the  working 
of  the  engine,  but  the  steam  and  eduction  corners  ought  to  be  as 
square  as  possible ;  any  rounding  on  the  steam  comer  shows  a  de- 
fect from  want  of  lead ;  and  rounding  on  the  eduction  corner  that 
of  the  passages  or  apertures  being  too  small. 

RuLB. — To  compute  the  power  of  an  Engine  from  the  Indicator 
Diagram. — Divide  the  diagram  in  the  direction  of  its  length  into 
any  convenient  number  of  equal  parts,  through  which  draw  lines 
at  right  angles  to  the  atmospheric  line,  add  together  the  lengths  of 
all  the  spaces  taken  in  measurements  corresponding  with  the  scale 
on  the  indicator,  divide  the  sum  by  the  number  of  spaces,  and  the 
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quotient  is  the  mean  effective  pressure  on  the  piston  in  lbs.  per 
square  inch. 

Let  the  result  of  the  preceding  diagram  be  tak^i  as  an  example. 
Then,  the  whole  sum  of  vacuum  spaces  =  1220  -*-  10  =«  12-2  lbs. 
mean  effect  obtained  by  the  vacuum ;  and  in  a  similar  manner  the 
mean  effective  pressure  of  steam  is  found  to  be  6-28  lbs.,  hence  the 
total  effective  force  «  18*48  lbs.  per  square  inch.  And  supposing 
2*5  lbs.  per  square  inch  be  absorbed  by  friction,  What  is  the  actual 
power  of  the  engine,  the  cylinder's  diameter  being  32  inches,  and 
the  velocity  of  the  piston  226  feet  per  minute  7 

18*48  —  2*6  =  15*98  lbs.  per  square  inch  of  net  available  force. 

^      82»  X  -7854  X  15-98  x  226       ^„  , 

Then '  330QQ ' ™       horses  power. 

The  line  under  the  diagram  and  parallel  to  the  atmospheric  line 
is  { Jths  distant,  and  represents  the  perfect  vacuum  line,  the  space ' 
between  showing  the  amount  of  force  with  which  the  uncondensed 
steam  or  vapour  resists  the  ascent  or  descent  of  the  piston  at  every 
part  of  the  stroke. 

As  the  mean  pressure  of  the  atmosphere  is  15  lbs.  per  square 
inch,  and  the  mean  specific  gravity  of  mercury  18560,  or  2-037  cu- 
bic inches  equal  1  lb.,  it  will  of  course  rise  in  the  barometer  at- 
tached to  the  condenser  about  2  inches  for  every  lb.  effect  of  va- 
cuum, and  6s  a  pure  vacuum  would  be  indicated  by  30  inches  of 
mercury,  the  distance  between  the  two  lines  shows  whether  there 
is  or  is  not  any  amount  of  defect,  as  sometimes  there  is  a  consider- 
able difference  in  extent  of  vacuum  in  the  cylinder  to  that  in  the 
condenser. 

To  estimate  hy  means  of  an  indicator  the  amount  of  effeetive  power 
produced  ly  a  steam  engine. — Multiply  the  area  of  the  piston  in 
square  inches  by  the  average  force  of  the  steam  in  lbs.  and  by  the 
velocity  of  the  piston  in  feet  per  minute ;  divide  the  product  by 
38,000,  and  ^ths  of  the  quotient  equal  the  effective  power. 

Suppose  an  engine  with  a  cylinder  of  87 J  inches  diameter,  a 
stroke  of  7  feet,  and  making  17  revolutions  per  minute,  or  238  feet 
velocity,  and  the  average  indicated  pressure  of  the  steam  16-73  lbs. 
per  square  inch ;  required  the  effective  power. 

Area  =  1104-4687  inches  X  16-73  lbs.  X  238  feet 
830^)0 . 
183-26  X  7       ,„  ^^^  , 
=» jq —  93-282  horse  power. 

To  determine  thejiroper  velocity  for  the  piston  of  a  steam  engine. — 
Multiply  the  logarithm  of  the  wth  part  of  the  stroke  at  which  the 
steam  is  cut  offhy  2-8,  and  to  the  product  of  which  add  '7.  Mul- 
tiply the  sum  by  the  distance  in  feet  the  piston  has  travelled  when 
the  steam  is  cut  off*,  and  120  times  the  square  root  of  the  product 
equal  the  proper  velocity  for  the  piston  in  feet  per  minute. 
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WOEK  DONE. 

GAIXTXTLATIONS  ON  THE  PRINCIPLE  OP  VIS  VIVA. — MATERIALS  EMPLOYED 


IN  THE  CONSTRUCTION  OP  MACHINES. — STRENGTH  OP  MATERIALS; 
THEIR  PROPERTIES. — TORSION,  DEFLEXION,  ELASTICITY,  TENACITIES, 
COMPRESSIONS,  ETC. — ^FRICTION  OP  REST  AND  OP  MOTION,  COEFFICIENTS 
OP  ALL  SORTS  OF  MOTION. — BANDS. — ^ROPES. — WHEELS. — HYDRAU- 
LICS.— ^NEW  TABLES  FOR  THE  MOTION  AND  FRICTION  OP  WATER. — 
WATER-WHEELS. — ^WINDMILLS,  ETC. 

1.  Suppose  a  body  resting  on  a  perfectly  smooth  table,  and,  when 
in  motion,  to  present  no  impediment  to  the  body  in  its  coarse,  but 
merely  to  counteract  the  force  of  gravity  upon  it ;  if  this  body 
weighing  800  lbs.  be  pressed  by  the  force  of  30  lbs.  acting  hori- 
zontally and  continuously,  the  motion  under  such  circumstances 
will  be  uniformly  accelerated :  what  is  the  acceleration  ? 

30 
g^  X  32-2  =  1-2075  feet  the  second. 

2.  What  force  is  necessary  to  move  the  above-mentioned  heavy 
body,  with  a  23  feet  acceleration,  under  the  same  circumstances  ? 

23 
3272  X  800  «  57-14285  lbs. 

The  second  of  these  examples  illustrates  the  principle  that  the 
force  which  impels  a  body  with  a  certain  acceleration  is  equal  to 
the  weight  of  the  body  multiplied  by  the  ratio  of  its  acceleration 
to  that  of  gravity.  The  first  illustrates  the  reverse,  namely,  the 
acceleration  with  which  a  body  is  moved  forward  with  a  given  force, 
is  equal  to  the  acceleration  of  gravity  multiplied  by  the  ratio  of  the 
force  to  the  weight. 

3..  A  railway  car,  weighing  1120  lbs.,  moves  with  a  5  feet  velo- 
city upon  horizontal  rails,  which,  let  us  suppose,  offer  no  impedi- 
ment to  the  motion,  and  is  constantly  pushed  by  an  invariable 
force  of  50  lbs.  during  20  seconds :  with  what  velocity  is  it  moving 
at  the  end  of  the  20th  second,  or  at  the  beginning  of  the  21st 
second  ? 

50 
5  +  82-2  X  jj^  X  20  «  88-75,  the  velocity. 

4.  A  carriage,  circumstancedi  as  ig  the  l^t  question,  weighs  4000 
lbs. ;  its  initisS  velocity  is  30  feet  the  seconfl,  and  its  terminal  velo- 
city is  70  feet :  with  which  force  is  the  body  impelled,  supposing  it 
to  be  in  motion  20  seconds  ? 

(70  -  30)  X  4000       ^,„,^,, 
82-2x20        -  242-17  lbs. 

We  have  before  noticed  that  the  weight  (W),  divided  by  82*2,  or 
($r),  gives  the  mass;  that  is. 
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Weight 

— ^r-  »  mass, 

And,  ^rcd  »  mass  X  acceleration. 

5.  Suppose  a  railway  carriage,  weighing  6440  lbs.,  moves  on  a 
horizontal  plane  offering  no  impediment,  and  is  nniformly  accele- 
rated 4  feet  the  second,  what  continuous  force  is  applied  ? 

6440 

82^  »  200  lbs.  mass. 

200  X  4  »  800  lbs.,  the  force  applied. 

By  the  four  succeeding  formulas,  all  questions  may  be  answered 
that  may  be  proposed  relative  to  the  rectilinear  motions  of  bodies 
by  a  constant  force. 

For  uniformly  accelerated  motions : 

P 
V  «  a  +  82-2^  X  t; 

F 
g^at  +  16-1  ^  X  A 

For  uniformly  retarded  motions : 

F 

F 
9  ^  at  —  16-1  x^  X  t*; 

t  »  the  time  in  seconds,  W  «  the  weight  in  lbs.,  F  »  the  force  in 
lbs.,  a  «  the  initial  velocity,  and  v  ■■  the  terminal  velocity. 

6.  A  sleigh,  weighing  2000  lbs.,  going  at  the  rate  of  20  feet  a 

second,  has  to  overcome  by  its  motion  a  friction  of  SO  lbs. :  what 

velocity  has  it  after  10  seconds,  and  what  distance  has  it  described? 

30 
20  —  82-2  X  ^QQQ  X  10  =«  15-17  feet  velocity. 

^80 
20  X  10  —  16-1  X  2Q00  ^  (^^y  ="  175-85  feet,  distance  de- 
scribed. 

7.  In  order  to  find  the  mechanical  work  which  a  draught-horse 
performs  in  drawing  a  carriage,  an  instrument  called  a  dynamome- 
ter, or  measure  of  force,  is  thus  used :  it  is  put  into  communication 
on  one  side  of  the  carriage,  and  on  the  other  with  the  traces  of  the 
horse,  and  the  force  is  observed  from  time  to  time.  Let  126  lbs. 
be  the  initial  force ;  after  40  feet  is  described,  let  180  lbs.  be  the 
force  riven  by  the  dynamometer ;  after  40  feet  more  is  described, 
let  129  lbs.  be  the  force ;  after  40  feet  more  is  passed  over,  let  140 
lbs.  be  the  force ;  and  let  the  next  two  spaces  of  40  feet  give  forces 
of  180  and  120  lbs.  respectively.  What  is  the  mechanical  work  done  ? 

126  initial  force. 
120  terminal  force. 

2)246 

123  mean. 
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128  +  180  +  129  +  140  +  180      ,„,  , 
g 180-4 

180-4  X  40  X  5  »  26080  units  of  work. 
The  following  rule,  usually  given  to  find  the  areas  of  irregular 
figures,  may  he  applied  where  great  accuracy  is  required. 

Rule. — To  the  sum  of  the  first  and  last,  or  extreme  ordinates, 
add  four  times,  the  sum  of  the  2d,  4th,  6th,  or  eyen  ordinates,  and 
twice  the  sum  of  the  8d,  5th,  7th,  &;c.,  or  odd  ordinates,  not  includ- 
ing the  extreme  ones ;  the  residt  multiplied  by  ^  the  ordinates' 
equidistance  will  be  the  sum. 
126 
120 

246  sum  of  first  and  last. 

246  +  4  X  180  +  2  X  129  +  4  X  140  +  2  X  180  -  1844. 

1844  X  40 

g ■■  24686*66  units  of  work  or  pounds  raised  one  foot 

hi^h.  This  rule  of  equidistant  ordinates  is  of  great  use  in  the  art  of 
ship-building.  This  application  we  shall  introduce  in  the  proper 
place. 

8.  How  manjr  units  of  work  are  necessary  to  impart  to  a  carriage 
of  3000  lbs.  weight,  resting  on  a  perfectly  smooth  railroad,  a  velo- 
city of  100  feet? 

2^^  32.2  X  8000  -  466888-2  units- 

A  unit  of  work  is  that  labour  which  is  equal  to  the  raising  of  a 
pound  through  the  space  of  one  foot.  A  unit  of  work  is  done  when 
one  pound  pressure  is  exerted  through  a  space  of  one  foot,  no  matter 
in  irhat  direction  that  space  may  lie. 

Kane  Fitzgerald,  the  first  that  made  steam  turn  a  crank,  and 
patented  it,  and  the  fly-wheel  to  regulate  its  motion,  estimated  that 
a  horse  could  perform  83000  units  of  work  in  a  minute,  that  is, 
raise  33000  lbs.  one  foot  high  in  a  minute.  To  perform  465838-2 
units  of  work  in  10  minutes  would  require  the  application  1-4116 
horse  power. 

9.  What  work  is  done  by  a  force,  acting  upon  another  carriage, 
under  the  same  circumstances,  weighmg  5000  lbs.,  which  transforma 
the  velocity  from  80  to  50  feet  ? 

(80)^ 

-q;^  -  18-9907,  the  height  due  to  80  feet  velocity. 

(60? 

gj:|  «•  88-8048,  the  height  due  to  50  feet  velocity. 

From    38-8048 
Take     13-9907 

24-8136 

5000 


124068*0000 


x2 
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.'.  124068  are  the  units  of  work,  and  just  so  much  work  will  the 
carriage  perform  if  a  resistance  be  opposed  to  it,  and  it  be  gradu- 
ally brought  from  a  50  feet  velocity  to  a  80  feet  Telocity. 

The  following  is  without  doubt  a  very  simple  formula,  but  the 
most  useful  one  in  mechanics ;  by  it  we  haye  solved  the  last  two 
questions : 

F«  «  (H  -  h)  W. 

This  simple  formula  involves  the  principle  tachnically  termed  the 
principle  of  vis  vivA,  or  living  forces.     H  is  the  height  due  to 

one  velocity,  say  v  or  H  »  q^  and  K,  the  height  due  to  another  a, 

or  A  =  2"-    T^®  weight  of  the  mass  =  W ;  the  force  F,  and  the 

space  «. 

To  express  this  principle  in  words^  we  may  say,  that  the  working 
power  (Ft)  which  a  mass  either  acquires  when  it  passes  from  a  lesser 
velocity  (a)  to  a  greater  velocity  (v\  or  produces  when  it  is  com- 
pelled to  pass  from  a  greater  velocity  {y)  into  a  less  (a),  is  always 
equal  to  the  product  of  the  weight  of  the  mass  and  the  difference 
of  the  heights  due  to  the  velocities. 

When  we  know  the  uniU  of  worky  and  the  distance  in  which  the 
change  of  velocity  goes  on,  the  force  is  easily  found ;  and  when  the 
force  is  known,  the  distance  is  readQy  determined.  Suppose,  in  the 
last  example,  that  the  change  of  velocity  from  80  to  50  feet  took 
place  in  a  distance  of  800  feet,  then 

124068  ^ 

QQQ     =»  418*56  lbs.  =  F,  the  force  constantly  applied  during 

800  feet. 

10.  If  a  sleigh,  weighing  2000  lbs.,  after  describing  a  distance  of 
250  feet,  has  completely  lost  a  velocity  of  100  feet,  what  constant 
resistance  does  the  friction  offer? 

Since  the  terminal  velocity  ^  0,  the  height  due  to  it  »  0,  hence 

(lOOy      2000       ,«,^  «„,«,, 
644   >^  ,-250- -1242-2852  lbs. 

We  have  been  calculating  upon  the  principle  of  vis  viva;  but  the 
product  of  the  masi  and  the  square  of  the  velocity,  without  attach- 
ing to  it  any  definite  idea,  is  termed  the  vis  viva,  or  living  force, 

11.  A  body  weighing  2300  lbs.  mo?e^  with  a  velocity  of  20  feet 
the  second,  required  the  vis  viva? 

2300 

g2^  =  71-42857  lbs.,  mass. 

71-42857  X  (20)»  =  28571-428,  the  amount  of  vis  viva. 

Hence,  if  a  mass  enters  from  a  velocity  a,  into  another  v,  the 
unit  of  work  done  is  equal  to  half  the  difference  of  the  vis  vivOy  at 
the  commencement  and  end  of  the  change  of  velocity. 

For  if  the  mass  be  put  =  M,  and  W  the  weight, 
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W                                                                      Wa* 
Then  M  «=  — ,  and  tbe  vis  viva  to  velocity  a  «  Ma'  = ; 

*^                                      ««*  -.  ^ 

Wv^ 
and  the  vis  viva  to  velocity  v  =  Mt;*  =» •. 

^       ,fWt;'-     Wan        /t)»       a»\       ^       ,„       ,v  „   . 

2^  and  q^,  give  the  heights  due  to  the  velocities  v  and  a,  respec- 
tively.   The  useful  formula 

F«  «  (H  -  A)  W, 
before  given,  page  270,  may  be  applied  to  variable  as  .well  as  to' 
constant  forces,  if,  instead  of  the  constant  force  F,  the  mean  value 
of  the  force  be  applied. 


STBEHOTH  OF  KATEBIALS. 

ON  MATERIAL  EMPLOTED  IN  THE  CONSTRUCTION  OF  MACHINES. 

In  theoretical  mechanics,  we  deal  with  imaginary  quantities,  which 
are  perfect  in  all  their  properties ;  they  are  perfectly  hard,  and 
perfectly  elastic ;  devoid  of  weight  in  statics  and  of  friction  in  dy- 
namics. In  practical  mechanics,  we  deal  with  real  material  objects, 
among  which  we  find  none  which  are  perfectly  hard,  and  none,,  ex- 
cept gaseous  bodies,  which  are  perfectly  elastic ;  all  have  weight, 
and  experience  resistance  in  dynamical  action.  Practical  mechanics 
is  the  science  of  automatic  labour,  and  its  objects  are  machines  and 
their  applications  to  the  transmission,  modification,*  and  regulation 
of  motive  power.  In  this  it  takes  as  a  basis  the  theoretical  deduc- 
tions of  pure  mechanics,  but  superadds  to  the  formulae  of  the  ma- 
thematician a  multitude  of  facts  deduced  from  observation,  and  ex- 
perimentally elaborates  a' new  code  of  laws  suited  to  the  varied  con- 
ditions to  be  fulfilled  in  the  economy  of  the  industrial  arts. 

In  reference  to  the  structure  of  machines,  it  is  to  be  observed 
that  however  simple  or  complex  the  machine  may  be,  it  is  of  im- 
portance that  its  parts  combine  lightness  with  strength,  and  rigidity 
with  uniformity  of  action;  and  that  it  communicates  the  power 
without  shocks  and  sudden  changes  of  motion,  by  which  the  passive 
resistances  may  be  increased  and  the  effect  of  the  engine  dimi- 
nished. 

To  adjust  properly  the  disposition  and  arrangement  of  the  indi- 
vidual members  of  a  machine,  implies  an  exact  knowledge  and  esti- 
mate of  the  amount  of  strain  to  which  they  are  respectively  subject 
in  the  working  of  the  machine ;  and  this  skill,  when  exercised  in 
conjunction  with  an  intimate  acquaintance  with  the  nature  of  the 
materials  of  which  the  parts  are  themselves  composed,  ii^ust  con- 
tribute to  the  production  of  a  machine  possessing  the  highest  amount 
of  capability  attainable  with  the  given  conditions. 

MateriaU. — The  material  most  commonly  employed  in  the  con- 
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struction  of  macliinery  is  iron,  in  the  two  states  of  eaH  and  wrought 
OT  forged  iron ;  and  of  these,  there  are  seyeralvarieties  of  quality. 
It  becomes  therefore  a  problem  of  much  practical  importance  to 
determine,  at  least  approximately,  the  capabilities  of  the  particular 
material  employed,  to  resist  permanent  alteration  in  the  directions 
in  which  they  are  subjected  to  strain  in  the  reception  and  trans- 
mission of  the  motive  power. 

To  indicate  briefly  the  fundamental  conditions  which  determine 
the  capability  of  a  given  weight  and  form  of  material  to  resist  a 
given  force,  it  must,  in  the  first  place,  be  observed,  that  rupture 
may  take  place  either  by  tension  or  by  compression  in  the  direc- 
tion of  the  length.  To  the  former  condition  of  strain  is  opposed 
the  tenacity  of  the  material ;  to  the  other  is  opposed  the  resistance 
to  the  eruihmg  of  Us  substance.  Rupture,  by  transverse  strain^  is 
opposed  both  by  the  tenacity  of  the  material  and  its  capability  to 
withstand  compression  together  of  its  particles.  Lastly,  the  bar 
may  be  ruptured  by  torsion.  Mr.  Oliver  Byrne,  the  author  of  the 
present  work,  in  his  New  Theory  of  the  Strength  of  Materials  h^s 
pointed  out  new  elements  of  much  importance. 

The  capabilities  of  a  material  to  resist  extension  and  compression 
are  often  different.  Thus,  the  soft  gray  variety  of  cast  iron  offers 
a  greater  resistance  to  a  force  of  extension  than  the  white  variety 
in  a  ratio  of  nearly  eight  to  five ;  but  the  last  offers  the  greatest 
resistance  to  a  compressing  force. 

The  resistance  of  cast  iron  to  rupture  by  extension  varies  from 
6  to  9  tons  upon  the  square  inch ;  and  that  to  rupture  by  compres- 
sion, from  86  to  65  tons.  The  resistance  to  extension  of  the  best 
forged  iron  may  be  reckoned  at  25  tons  per  inch ;  but  the  corre- 
sponding resistance  to  compression,  although  not  satisfactorily  ascer- 
tained, is  generally  considered  to  be  greatly  less  than  that  of  cast 
iron.  Roudelet  makes  it  81^  tons  on  the  square  inch.  Cast  iron 
(and  even  wood)  is  therefore  to  be  preferred  for  vertical  sapports. 

The  forces  resisting  rupture  are  as  the  areas  of  the  sections  of 
rupture,  the  material  being  the  same;  this  principle  holds  not  only 
in  respect  of  iron,  but  also  of  wood.  Many  inquiries  have  been  in- 
stituted to  determine  the  commonly  received  principle,  that  the 
strength  of  rectangular  beams  of  the  same  width  to  resist  rupture 
by  transverse  strain  is  as  the  squares  of  the  depths  of  the  beams. 

In  these  respects  the  experiments,  although  valuable  on  account 
of  their  extent  and  the  care  with  which  they  were  conducted,  pos- 
sess little  novelty ;  but  in  directing  attention  to  the  elastic  proper- 
ties of  the  materials  experimented  upon,  it  was  found  that  the  re- 
ceived doctrine  of  relation  between  the  limit  of  elasticity  and  weight 
requires  modification.  The  common  assumption  is,  that  the  de- 
struction of  the  elastic  properties  of  a  material,  that  is,  the  dis- 
placement beyond  the  elastic  limit,  does  not  manifest  itself  until 
the  load  exceeds  one-third  of  the  breaking  weight.  It  was  found, 
however,  on  the  contrary,  that  its  effect  was  produced  and  mani- 
fested in  a  permanent  set  of  the  material  when  the  load  did  not  ex- 
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ceed  one-sixteenth  of  that  necessary  to  prodaoe  rapture.  Thus  a 
bar  of  one  inch  square,  supported  between  props  4^  feet  apart,  did 
not  break  till  loaded  with  496  lbs.  but  showed  a  permanent  deflec- 
tion or  8et  when  loaded  with  16  lbs.  In  other  oases,  loads  of  7  lbs. 
and  14  lbs.  were  found  to  produce  permanent  sets  when  the  break- 
ing weights  were  respectively  864  lbs.  and  1120  Ibs^  These  sets 
were  therefore  given  by  ^  and  ^th  of  the  breaking  weights. 

Sinpe  these  results  were  obtained,  it  has  been  found  that  time 
and  the  weight  of  the  material  itself  are  sufficient  to  effect  a  per- 
manent deflection  in  a  beam  supported  between  props,  so  that  there 
would  seem  to  be  no  such  limits  in  respect  to  transverse  strain  as 
those  known  by  the  name  of  elastic  limits,  and  consequently  the 
principle  of  loading  a  beam  within  the  elastic  limit  has  no  founda- 
tion in  practice.  The  beam  yields  continually  to  the  load,  but  with 
an  exceedingly  slow  progression,  until  the  load  approzknates  to  the 
breaking  weight,  when  rupture  speedily  succeeds  to  » rapid  deflection. 

As  respects  the  effect  of  tension  and  compression  by  transverse 
strain,  it  was  ascertained  by  a  veiy  ingenious  experiment  that  equal 
loads  produced  equal  deflections  in  bc^kh  cases. 

Another  most  important  principle  developed  by  experiments,  is 
that  respecting  the  compression  of  supporting  columns  of  different 
heights.  When  the  height  of  the  column  exceeded  a  certain  limit, 
it  was  found  that  the  crushing  force  became  constant,  and  did  not 
increase  as  the  height  of  the  column  increased,  until  it  reached 
another  limit  at  which  it  began  to  yield,  nof  strictly  by  crushing, 
but  by  the  bending  of  the  material.  The  first  limit  was  found  to  be 
a  h^ght  of  little  less  than  three  times  the  radius  of  the  column ; 
and  the  second  double  that  height,  or  about  six  times  the  radius  of 
the  column.  In  columns  of  d^erent  heights  between  these  limits, 
having  equal  diameters,  the  force  producing  rupture  b;  compession 
was  nearly  constant.  When  the  columji  was  less  than  the  lower 
limit,  the  crushing  force  became  greaieVy  and  when  it  was  greater 
than  the  higher  limit,  the  crushing  force  became  less.  It  was  fur- 
ther found  that  in  all  cases,  where  the  height  of  the  column  was 
exactly  above  the  limits  of  three  times  the  radius,  the  section  of 
rapture  was  a  plane  inclined  at  nearly  the  same  coitttant  angle  of 
55  degrees,  to  the  axis  of  the  column.  These  facts  mutually  ex- 
plain each  other ;  for  in  every  height  of  column  above  the  limit, 
the  section  of  rupture  being  a  plane  at  the  same  angle  to  the  axis 
of  the  column,  must  of  necessity  be  a  plane  of  the  same  size,  and 
therefore  in  each  case  the  cohesion  of  the  same  number  of  particles 
must  be  overcome  in  producing  rupture.  And  further,  the  same 
number  of  particles  being  to  be  overcome  under  the  same  circum- 
stances for  every  different  height,  the  same  force  will  be  required 
to  overcome  that  amount  of  cohesion,  until  at  double  the  height 
(three  diameters)  the  column  begins  to  bend  under  its  load.  This 
height  being  surpassed,  it  follows  that  a  pressure  which  becomes 
continually  less  as  the  length  of  the  column  is  increased,  will  be 
safEciesit  to  break  it. 

18 
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This  property,  moreoyer,  is  not  confined  to  cast  iron ;  the  ex- 
periments of  M.  Rondelet  show  that  with  columns  of  wrought  iron, 
wood,  and  stone,  similar  results  are  obtained. 

From  these  facts  then,  it  appears  that  if  supporting  columns  be 
taken  of  different  diameters,  and  of  heights  so  great  as  not  to  allow 
of  their  bending,  yet  sufficiently  high  to  allow  of  a  complete  sepa- 
ration of  the  planes  of  fracture,  that  is,  of  heights  inljprmediate  to 
three  times  and  six  times  their  radius,  then  will  their  strengths  be 
as  the  number  of  particles  in  their  planes  of  fracture ;  and  the 
planes  of  fracture  being  inclined  at  equal  angles  to  the  axes  of  the 
columns,  their  areas  will  be  as  the  trail&yerse  sections  of  the  co- 
lumns, and  consequently  the  strengths  of  the  columns  will  be  as 
their  transverse  sections  respectively.  Taking  the  mean  of  three 
experiments  upon  a  column  ^  inch  diameter,  the  crushing  force  was 
6426  lbs. ;  whilst  the  mean  of  four  experiments,  conducted  in  ex- 
actly the  same  manner,  upon  a  column  of  f  of  an  inch  diameter, 
gave  14542  lbs.  The  diameters  of  the  columns  being  2  to  3,  the 
areas  of  transverse  section  were  therefore  4  to  9,  which  is  very 
nearly  the  ratio  of  the  crushing  weights. 

When  the  length  of  the  column  is  so  great  that  its  fracture  is 
produced  wholly  by  bending  of.  its  material,  the  limit  has  been  fixed 
for  columns  of  cast  iron,  at  30  times  the  diameter  when  the  ends 
are  flat,  and  15  times  the  diameter  when  the  ends  are  rounded.  In 
shorter  columns,  fractnre  takesplace  partly  by  crushing  and  partly 
by  bending  of  the  mAerial.  When  the  column  is  enlarged  in  the 
middle  of  its  length  from  one  and  a  half  to  two  times  the  diameter 
of  the  ends,  the  strength  was  found  by  the  same  experimenter  to  be 
greater  by  onenseventh  than  in  solid  columns  containing  the  same 
quantity  of  iron,  in  the  same  length,  with  their  extremities  rounded; 
and  stronger  by  an  eighth  or  a  ninth  when  the  extremities  were  flat 
and  rendered  immovable  by  disks. 

The  following  formulas  give  the  absolute  strength  of  cylindrical 
columns  to  sustain  pressure  in  the  direction  of  their  length.  In 
these  formulas 

D  =  the  external  diameter  of  the  column  in  inches. 
d  »  the  internal  diameter  of  hollow  columns  in  inches. 
L  »  the  length  of  the  column  in  feet. 
W  =s  the  breaking  weight  in  tons. 


ChazMtor  of  th«  eolmo. 


Lencth  of  th«  colnmx  czeeediBf  1 
tiiQtM  its  dia^ister. 


15  Length 


of  th«  colamm  cze«ediikg  3l* 
time«  ita  diameter.  ) 


Solid  ojlindrical  co>  1 
lamn  of  cast  iron,       / 

Hollow  cylindrical  oo-'l^ 
Inmn  of  cast  iron,       j 

Solid  cylindrical  co- 1 
Inmn  of  irronght  iron,  j 


Both  endi  Tonnded. 

W  =  14-9j^ 

W  =  18     ^,., 

W=r42-8.r^— 


Both  end*  EuL 

W=    44-16  j-Ti- 
Wss    44-84 


W  ^  183-75  j^.— 


L*^ 


For  shorter  columns,  if  W  represent  the  weight  in  tons  which 
would  break  the  column  by  bending  alone,  as  given  by  the  preced- 
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ing  formulas,  and  W"  the  weight  in  tons  which  would  crush  the  co- 
lumn without  bending  it,  as  determined  from  the  subjoined  table, 
then  the  absolute  breaking  weight  of  the  column  W,  is  represented 
in  tons  bj  the  formula, 

^  "■  w  +  w 

These  rules  require  the  use  of  logarithms  in  their  applications. 

When  a  beam  is  deflected  by  transyerse  strain,  the  material  on 
that  side  of  it  on  which  it  sustains  the  strain  is  compre%%edy  and  the 
material  on  the  opposite  side  is  extended.  The  imaginary  surface 
at  which  the  compression  terminates  and  the  extension  begins — at 
which  there  is  supposed  to  be  neither  extension  nor  compression—; 
is  termed  the  netUral  axis  of  the  beam.  What  constitutes  the 
strength  of  a  beam  is  its  resistance  to  compression  on  the  one  side 
and  to  extension  on  the  other  side  of  that  axis — ^the  forces  acting 
about  the  line  of  axis  like  antagonist  force  at  the  two  extremities 
of  a  leTer,  so  that  if  either  of  them  yield,  the  beam  will  be  broken. 
It  becomes,  however,  a  question  of  importance  to  determine  the  re- 
lation of  these  forces ;  in  other  words,  to  determine  whether  the 
beam  of  given  form  and  material  will  yield  first  to  compression  or 
to  extension.  This  point  is  settled  by  reference  to  the  columns  of 
the  subsequent  table,  page  280,  in  which  it  will  be  observed  that  the 
metals  require  a  much  greater  force  to  crush  them  than  to  tear  them 
asunder,  and  that  the  woods  require  a  much  smaller  force. 

There  is  also  another  consideration  which  must  not  be  overlooked. 
Bearing  in  mind  the  condition  of  antagonism  of  the  forces,  it  is  ob- 
vious, that  the  further  these  forces  are  placed  from  the  neutral 
axis,  that  is,  from  the  fulcrum  of  their  leverage,  the  greater  must 
be  their  efiect.  In  other  words,  all  the  material  resisting  compres- 
sion will  produce  its  greatest  efiect  when  collected  the  fartnest  possi- 
ble from  the  neutral  axis  at  the  top  of  the  beam ;  and,  in  like  man- 
ner, all  the  material  resisting  extension  will  produce. its  greatest 
effect  when  similarly  disposed  at  the  bottom  of  the  beam.  We  are 
thus  directed  to  the  first  general  principle  of  the  distribution  of  the 
material  into  two  flanges — one  forming  the  top  and  the  other  the  bot- 
tom of  the  beam — joined  by  a  comparatively  slender  rib.  Associat- 
ing with  this  principle  the  relation  of  the  forces  of  extension  and 
compression  of  the  material  employed,  we  arrive  at  a  form  of  beam 
in  which  the  material  is  so  distributed,  that  at  the  instant  it  is  about 
to  break  by  extension  on  the  one  side,  it  is  about  to  break  by  com- 
pression on  the  other,  and  consequently  is  of  the 
strongest  form.  Thus,  supposing  that  it  is  re- 
quired to  determine  that  form  in  a  girder  of 
cast  iron:  the  ratio  of  the  crushing  force  of 
that  metal  to  the  force  of  extension  may  be 
taken  generally  as  6  J  to  1,  which  is  therefore  also  the  ratio  of  the 
lower  to  the  upper  flange,  as  in  the  annexed  sectional  diagram. 

A  series  of  nine  castings  were  made,  gradually  increasing  the 
lower  flange  at  the  expense  of  the  upper  one,  and  in  the  first  eight 
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experiments  the  beam  luroke  by  the  tearing  asunder  of  the  lower 
flange ;  and  in  the  last  experiment  the  beam  yielded  by  the  cmsh- 
ing  of  the  upper  flange.  In  the  eight  experiments  the  upper  flange 
was  therefore  the  weakest,  and  in  the  ninth  the  strongest,  so  thi^ 
the  form  of  maximum  strength  was  intermediate,  and  very  closely 
allied  to  that  form  of  beam  employed  in  the  last  experiment,  which 
was  greatly  the  strongest.  The  circumstances  of  these  experiments 
are  contained  in  the  following  table. 


No.  of  »mt1- 

lUtia  or  nrllHM  of  eom- 

Mra«tl>P*  •«'<»>> 

mnf. 

latq-iBdlM. 

ofMtlouialba. 

1 

Itol 

2-82 

2368 

2 

lto2 

2-87 

2567 

S 

lto4 

8-02 

2737 

4 

lto44 

8-87 

3183 

5 

lto4 

4-50 

3214 

6 

lto5J 

5-00 

3346 

7 

ItoSi 

4-628 

3246 

8 

1  to  4-3 

6-86 

8317 

9 

lto61 

6-4 

4075 

To  determine  the  weight  necessary  to  bredA  beams  cast  according 
to  the  form  described : 

Multiply  the  area  of  the  section  of  the  lower  flange  by  the  depth 
of  the  beam,  and  divide  the  product  by  the  distance  between  the 
two  points  on  which  the  beam  is  supported :  this  quotient  multi- 
plied by  536  when  the  beams  are  cast  erect,  and  by  514  when  they 
are  cast  horizontally,  will  give  the  breaking  weight  in  cwts. 

From  this  it  is  not  to  be  inferred  that  the  beam  ought  to  have 
the  same  transverse  section  throughout  its  length.  Ou  the  con- 
trary, it  is  clear  that  the  section  ought  to  have  a  definite  relation 
to  the  leverage  at  which  the  load  acts.  From  a  mathematical  con- 
sideration of  the  conditions,  ^  |m 
it  indeed  appears  that  the  ▼  f 
effect  of  a  given-  load  to 
break  the  beam  varies  when 


it  is  placed  over  diffiarent  •Mr- 
points  of  it,  as  the  products  ^-A 


— 2 

of  the  distances  of  these  points  from  the  points  of  support  of  the 
beam.  Thus  the  effect  of  a  weight  pfeced  at  the  point  W,  is  to  the 
effect  of  the  same  weight  acting  upon  the  point  W^  as  the  product 
AW  X  W^  B  is  to  the  product  AW,  x  W,  B ;  the  points  of  sup- 
port being  at  A  and  B.  Since  then  the  effect  of  a  weight  increases 
as  it  approaches  the  middle  of  the  length  of  the  beam,  at  which  it 
is  a  maximum,  it  is  plain  that  the  beam  does  not  require  to  have 
the  same  transverse  section  near  to  its  extremities  as  in  the  middle; 
and,  guided  by  the  principle  stated,  it  is  easy  to  perceive  that  ita 
strength  at  different  noints  should  in  strictness  vary  as  the  products 
of  the  distances  of  these  points  from  the  points  of  support.    Bj 
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taking  this  law  as  a  ftrndamental  condition  in  the  distrihntion  of 
the  strength  of  a  beam,  whose  load  we  may  conceive  to  be  accumu- 
lated at  the  middle  of  its  length,  we  arrive  at  the  strongest  form 
which  can  be  attained  under  given  circumstances,  with  a  given 
amount  of  material;  we  arrive  at  that  form  which  renders  the  beam 
equally  liable  to  rupture  at  every  point.  Now  this  form  of  maxi- 
mum strength  may  be  attained  in  two  ways;  either  by  varying  the 
depth  of  the  beam  according  to  the  law  stated,  or  by  preserving 
the  depth  everywhere  the  same,  and  varying  the  dimensions  of  the 
upper  and  lower  flanges  according  to  the  same  law.  The  conditions 
are  manifestly  identical.  We  may  therefore  assume  generally  the 
condition  that  the  section  is  rectangular ^  and  that  the  thickness  of 
the  flanges  is  constant;  then  the  outline  determined  by  the  law  in 
question,  in  the  one  case  of  the  elevation  of  the  beam  and  in  the 
other  of  the  plan  of  the  flanges,  is  the  geometrical  curve  called  a 
parabola — ^rather,  two  parabolas  joined  base  to  base  at  the  middle 
between  the  points  of  support.  The  annexed  diagram  represents 
the  plan  of  a  cast-iron  girder  according  to  this  form,  the  depth 


being  uniform  throughout.  Both  flanges  are  of  the  same  form, 
but  the  dimensions  of  the  upper  one  are  such  as  to  give  it  only  a 
sixth  of  the  strength  of  the  other. 

This,  it  will  be  observed,  is  also  the  form,  considered  as  an  ele- 
vation, of  the  beam  of  a  steam  engine,  which  good  taste  and  regard 
to  economy  of  material  have  rendered  common. 

It  must,  however,  be  borne  in  mind,  that  in  the  actual  practice 
of  construction,  materials  cannot  with  safety  be  subjected  to  forces 
approaching  to  those  which  produce  rupture.  In  machinery  espe- 
dally,  they  are  liable  to  various  and  accidental  pressures,  besides 
those  of  a  permanent  kind,  for  which  allowance  must  be  made. 
The  engineer  must  therefore  in  his  practice  depend  much  on  expe- 
rience and  consideration  of  the  species  of  work  which  the  engine  is 
designed  to  perform.  If  the  engine  be  intended  for  spinning, 
pumping,  blowing,  or  other  regular  work,  the  material  may  be  sub- 
jected to  pressures  approaching  two-thirds  of  that  whidi  would  ac- 
tually produce  rupture ;  but  in  engines  employed  to  drive  bone- 
mills,  stampers,  breaking-down  roUers,  and  the  like,  double  that 
strength  will  often  be  found  insufficioit.  In  cases  of  that  nature^ 
experience  is  a  better  guide  than  theory. 

It  is  also  to  be  remarked  that  we  are  often  oUiged  to  depart 
from  the  form  of  strength  which  the  calculation  gives,  on  account 
of  the  partial  strains  which  would  be  put  upon  some  of  die  parts 
of  a  casting,  in  consequence  of  unequal  cooling  of  the  metal  when 
the  thicknesses  are  unequal.  An  expert  founder  can  often  reduce 
the  irregular  contractions  whidi  thus  result ;  but,  even  under  the 
best  management,  fracture  is  not  unfrequently  produoed  by  irregi^ 
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larity  of  cooling,  and  it  is  at  all  times  better  to  avoid  the  danger 
entirely,  than  to  endeavour  to  obviate  it  by  artifice.  For  this  rea- 
son, the  parts  of  a  casting  ought  to  be  as  nearly  as  possible  of  such 
thickness  as  to  cool  and  contract  regularly,  and  by  that  means  all 
partial  strain  of  the  parts  will  be  avoided. 

With  respect  to  design,  it  is  also  to  be  remarked,  that  mere  theo- 
retical properties  of  parts  will  not,  under  all  the  varieties  of  circum- 
stances which  arise  in  the  working  of  a  machine,  insure  that  exact 
adjustment  of  material  and  propriety  of  form  so  much  desired  in 
constructive  mechanics.  Every  design  ought  to  take  for  its  basis 
the  mathematical  conditions  involved,  and  it  would,  perhaps,  be  im- 
possible to  arrive  at  the  best  forms  and  proportions  by  any  more 
direct  mode  of  calculation ;  but  it  is  necessary  to  superadd  to  the 
mathematical  demonstration,  the  exercise  of  a  well-matured  judg- 
ment, to  secure  that  degree  of  adjustment  and  arrangement  of  parts 
in  which  the  merits  of  a  good  design  mainly  consist.  A  purely 
theoretical  engine  would  look  strangely  deficient  to  the  practised 
eye  of  the  engineer ;  and  the  merely  theoretical  contriver  would 
speedily  find  himself  lost,  should  he  venture  beyond  his  construction 
on  paper.  His  nice  calculations  of  the  "  work  to  be  performed,"  of 
the  vis  viva  of  the  mechanical  organs  of  his  machine,  and  of  the  modur 
lu8  of  elasticity  of  his  material,  would,  in  practice,  alike  deceive  him. 

The  first  consideration  in  the  design  of  a  machine  is  the  quantity 
of  work  which  each  part  has  to  perform — ^in  other  words,  the  forces, 
active  and  inactive,  which  it  has  to  resist ;  the  direction  of  the 
forces  in  relation  to  the  cross-section  and  points  of  support ;  the 
velocity,  and  the  changes  of  velocity  to  which  the  moving  parts  are 
subject.  The  calculations  necessary  to  obtain  these  must  not  be 
confined  to  theory  alone ;  neither  should  they  be  entirely  deduced 
by  ^'rule  of  thumb;"  by  the  first  mode  the  strength  would,  in  all 
probability,  be  deficient  from  deficiency  of  material,  and  by  the 
second  rule  the  material  would  be  injudiciously  disposed ;  weight 
would  be  added  ^ften  where  least  needed,  merely  from  the  deter- 
mination to. avoid  fracture,  and  in  consequence  of  a  want  of  know- 
ledge respecting  the  true  forms  best  adapted  to  give  strength. 

To  the  following  general  principles,  in  practice,  there  are  but 
few  real  exceptions : 

I.  Direct  Strain. — To  this  a  straight  line  must  be  opposed,  and 
if  the  part  be  of  considerable 
length,  vibration  ought  to  be  coun- 
teracted by  intersection  of  planes, 
(technically  feathersj)  as  repre- 
sented in  the  annexed  diagrams, 
or  some  such  form,  consistent  with  the  purpose  for  which  the  part 
is  intended. 

II.  Transverse  Strain. — To  this  a  parabolic  form  of  section  must 
be  opposed,  or  some  simple  figure  including  the  parabolic  form. 
For  economy  of  material,  the  vertex  of  the  curve  ought  to  be  at 
the  point  where  the  force  is  applied ;  and  when  the  strain  passes 
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alternately  from  one  side  of  the  paH;  to  the  other,  the  curve  ought 
to  be  on  both  sides,  as  in  the  beam  of  a  steam  engine. 

When  a  loaded  piece  is  supported  at  one  end  only,  if  the  breadth 
be  everywhere  the  same,  the  form  of  equal  strength  is  a  triangle ; 
but,  if  the  section  be  a  circle,  then  the  solid  will  be  that  generated 
by  the  revolution  of  a  semi-parabola  about  its  longer  axis.  In  prac- 
tice, it  will,  however,  be  sufficient  to  employ  the  frustum  of  a  cone, 
of  which,  in  the  case  of  cast  iron,  the  diameter  at  the  unsupported 
end  is  one-third  of  the  diameter  at  the  fixed  end. 

III.  Torsion. — The  section  most  commonly  opposed  to  torsion 
is  a  circle ;  and,  if  the  strain  be  applied  to  a  cylinder,  it  is  obvious 
the  rupture  must  first  take  place  at  the  surface,  where  the  torsion  is 
greatest,  and  that  the  further  the  material  is  placed  from  the  neutral 
axis,  the  greater  must  be  its  po^er  of  resistance ;  and  hence,  the 
amount  of  materials  being  the  same,  a  shaft  is  stronger  when  made 
hollow  than  if  it  were  made  solid. 

It  ought  not,  however,  to  be  supposed  that  the  circle  is  the  only 
figure  which  gives  an  axis  the  property  of  ofifering,  in  every  direc- 
tion, the  same  resistance  to  flexure.  On  the  contrary,  a  square  sec- 
tion gives  the  same  resistance  in  the  direction  of  its  sides,  and  of 
its  diagonals ;  and,  indeed,  in  every  direction  the  resistance  is  equal. 
This  is,  moreover,  the  case  with  a  great  number  of  other  figures, 
which  may  be  formed  by  combining  the  circle  and  the  square  in  a 
symmetrical  manner ;  and  hence,  if  the  axis,  strengthened  by  salient 
sides,  as  in  feathered  shafts,  do  not  answer  as  well  as  cylindrical 
ones,  it  must  arise  from  their  not  being  so  well  disposed  to  resist 
torsion,  and  not  from  any  irregularities  of  flexure  about  the  axis 
inherent  in  the  particular  form  of  section. 

This  subject  has  been  investigated  with  much  care,  and,  accord- 
ing to  M.  Cauchy,  the  modulus  of  rupture  by  torsion,  T,  is  con- 
nected with  the  modulus  of  rupture  by  transverse  strain  S,  by  the 
simple  analogy  T  =  J  S. 

The  forms  of  aU  the  parts  of  a  machine,  in  whatever  situation 
and  under  every  variety  of  circumstances,  may  be  deduced  from 
these  simple  figures ;  and,  if  the  calculations  of  their  dimensions 
be  correctly  determined,  the  parts  will  not  only  possess  the  requi- 
site degree  of  strength,  but  they  will  also  accord  with  the  general 
principles  of  good  taste. 

In  arranging  the  details  of  a  machine,  two  circumstances  ought 
to  be  taken  into  consideration.  The  first  is,  that  .the  parts  subject 
to  wear  and  influenced  by  strain,  should  be  capable  of  adjustment ; 
the  second  i^,  that  every  part  should,  in  relation  to  the  work  it  has 
to  perform,  be  equally  strong,  and  present  to  the  eye  a  figure  that 
is  consbtent  with  its  degree  of  action.  Theory,  practice,  and  taste 
must  all  combine  to  produce  such  a  combination.  No  formal  law 
can  be  expressed,  either  by  words  or  figures,  by  which  a  certain 
contour  should  be  preferred  to  another ;  both  may  be  equally  strong 
and  equally  correct  in  reference  to  theory ;  custom,  then,  must  be 
appealed  to  as  the  guide. 


280 


THE   PBACTICAL  MODBL  CALCULATOR. 


TABLES  or  THE  MECHANICAL  PROPERTIES  OF  THE  MATERIALS  MOST 
COMMONLY  EMPLOYED  IN  THE  CONSTRUCTION  OF  MACHINES  AND 
FRAMINGS. 


Weight  oC 

Icwttteft 

talba. 


kn»|»riq. 

la-Ulbt. 


Tabu  I.—Meehanicol  Prcptrtia  qf 
Ou  Omman  MetaU. 

BraM  (east) 

Copper  reOt) 

ditto    (sheet)  

ditto   (wire-drawn)      .... 

ditto    (in  boltj) 

Iron  (EoglUh  wrottglit) . 

ditto  (in  b*n) 

ditto  (hammered) 

ditto  (Rauian)  in  bar*  .... 
ditto  (Swedish)  in  ban  .... 
ditto  (English)  in  wire,  10th  inch  diam. 
ditto  (Ruuian)  in  wire,  l-a)ih  to  l-SOth 
inch  diameter  .... 
ditto  (rolled  in  aheeU  and  ent  lencthwlM) 
ditto  ont  oroMwise  .... 

ditto  in  chains,  oral  links,  e  inehea  dear, 

iron  ^  inch  diametev  . 
ditto  (Bmnton's)  with  lUjenMiUik  . 

OMt-iron  (Old  Park) 

ditto      (Advlphi)        .... 

I  Alfreton) 

>crap)    

Carron,  No.  2)  hot  blast  . 
do.       do.   I  oold  blast     . 
do.     No.  S)  .       .       .       . 
do.       do.  )  hot  blast      . 
Deron,  No.  S)  eold  blast 
do.       do.  )  hot  blast 
irre7,No.l)  cold  blast  .      . 
do.       do.  J  hot  blast 
Ooed-Talon,  No.  2)  eold  blast 
do.  do.  )  hot  blast  . 

do.         No.  S)  eold  blast 
do.  do.  )  hot  blast  . 

Milton,  No.  1)  hot  blast  .   . 
Moirkirk,  No.  1)  eold  blast  . 

do.  do.  )  hot  blast 

EHsicar,  No.  1)  cold  blast  . 


a-9M 
8607 

8-786 
b-878 

7700 
r7760 

17-800 


Lead  (English  cast) 
ditto  (milled-ehcet) 
ditto  (wire-drawn  . 
SiWer  (sUndsrd) 
Meronry  (at  320)     . 

ditto     (at  60O) 
Steel  (soft)       .       .       , 
ditto  (nuor^-tenperad) 
Tin  (cast) 
Zinc  (cast)  . 
ditto  (roUed     . 


Tabu  n.— iVdioijpal  Wndt, 
Aoacia  (English)        .       .       .       . 

New    .      .       , 

Dry        .        .        . 
'  Common    . 

American 

Christiania  middla 

Memel  middle 

Norway  ipmea 
.  English 
Elm  (seasoned)        .      .  . 
«,.       /NewEnflaad 
^       iRiga  .       .       . 
Laroh  (seasoned)        .        . 
Lignom-Titie   . 
Mahogany  (Spanish)  . 


Beeoh 
Biz«h 


Deal 


Oak 


'English 
Canadian 


Dantiio 
("Pitch     . 

Fine  -^Red  . 
(YeUow  . 

Plane-tree 


Poplar 


Teak  (dry)      . 
WiUow  (dry) 
Yew  (Spanish)  . 


7-046 
7-086 
7-094 
7-056 
7295 
7-220 
7-079 
6-908 
6-96A 
6-968 
7101 
6-970 
6-976 
7-113 
6-953 
7-090 
11-446 
11-407 
11317 
10-312 
13619 
13-580 
7-7W) 
7-840 
7-291 
7-038 
7-215 


o-n 

0-8M 
0H»0 
0-792 
0-648 
0-098 
0-590 
0-340 
0-470 
0-5.S8 
0-553 
0^753 
0-522 
1-220 
O-80O 

0«4 

0-873 

0-756 
0^60 
0-657 
0-461 
0-61 

0-383 

0^S57 
0390 
O-AT? 


ns-00 

ftS7« 
M9i)6 
560H)0 


481-30 
475-flO 
487-00 


440S7 
441-62 
443-37 
441-00 
455-93 
451-81 
442-43 
437  37 
434  06 
435-30 
449-62 
435-62 
43600 
444  56 
434-56 
430-37 
717-45 
712-93 
705  12 
644-50 
85118 
848-75 
486  25 
400O0 
455-68 
439-25 
450-9 


44-37 
63-37 
43-12 
49-50 
40-50 
43  62 
38-87 
2125 
29  37 
38-75 
34  56 
47-06 
32  62 
76-25 
fiO-00 

56-r 

M-SO 

47-34 

41-2!S 
4106 
2J<\'<1 
dOKX) 

3S« 

41-06 
24  37 
60-43 


17968 
19073 

6I22S 
48noo 
25>.  tons 

25>fe  tons 
30  tons 
27  tons 
S2tons 
36  to  43  tons 

eoto91tonB 

14  tons 
18  tons 
sultana 
35  tons 


13906 
16683 
14300 
in65 

31907 
17466 
13434 
18855 
16676 


108540 
106376 
116443 
133440 

14M9S 
93366 

863U7 
81770 
82799 


UK) 

:m 

tllLV 
iUU 
.  )66 
iOU 
TW 

uo 

900 

.WO 

J  wo 

7*10 
:JUU 
UO 
tlOO 


1824 
3S8 
2581 


120000 

lAOUOO 

53X1 


leooo 

18784 
17«0 
15UU0 

1240O 

17600 
7000 
13489 

12000 
10220 
USOO 
16300 

17300 

10353 


Li  -    JUO 
7- -WO 


4SJ40 
44(M6 

4:y« 

37.'Mfl 
»^'i6 

33t<>4» 
42idJ 

434^ 
S75CC 
35316 
33104 
35145 
43541 

3Sir23 


MXSA 
6-374:1 
8-129:1 
7-515:1 


6-346:1 
6-431:1 
4  337:1 


29000000 
4608000 
13680000 


7733  r 
9363  X 
6402 
11633 


6000 

.5S6S 

81M 
4684  wet) 
9004  dry  ; 
4231  wet) 
9509  dry; 


8575 
6446 

3107  wet) 
6134  di7; 

12101 


13S56000 


l.'M3400 
1357)600 
1673000 
16SKW0 


0^4S:1 


099840 
3191300 


1191300 
1225600 
1840000 
16000UU 


9;«4 
10386 


6078 
•612 


8748 
9792  I 
8046 


0-79:1 


0-»:l 
045:1 

woTi 

/M8:l 
10-57:1 
(0-42:1 

io«-' 


r  0-43:1 
0-74:1 
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THE  COHESIVE  STRENGTH  OF  BODIES. 

ThefoUomng  Table  contains  the  result  of  ezpertments  on  the 
cohesive  strength  of  various  bodies  in  avoirdupois  pounds  ;  alsOj 
me-third  of  the  ultimate  strength  of  each  hodyj  this  being  consi- 
dered sufficient^  in  most  caseSj  for  a  permanent  load : 


Vmm  of  Bodl^ 

SquweBtf. 

Ono-thlrd. 

BoudBM. 

One-third. 

irooxM. 

Boxwood 

lb*. 
20000 

17000 
15000 
12000 
11500 
11000 

18656 

55872 

72064 

188152 

124400 

134256 

19072 

88792 

17968 

4736 

1824 

Jb». 

6667 
6667 
6000 
4000 
8866 
8667 

6219 
18624 
24021 
44884 
41866 
44752 

6357 
11264 

5989 

1679 
608 

I6«. 

15708 

13357 

11781 

9424 

9082 

8639 

14652 
48881 
56599 

104577 
97703 

105454 

14979 

26540 

14112 

8719 

1482 

lb». 
5236 

4452 
8927 
8141 
8011 
2880 

4884 

14627 

18866 

84859 

82568 

85151 

4998 

8827 

4704 

1289 

477 

A8h 

Teak , 

Fir 

Beach ~., 

Oak 

MRALS. 

Cast  iron 

SngliBh  wroaghtiron 

Swedish  do.   do 

Blistered  tteel 

Shear    do 

Cast    do 

Cast  coDDci*.... 

Wrought  do 

Yellow  brass 

Cast  tin 

Cast  lead 

PBOBLEM  I. 

Rule. — To  find  the  ultimate  cohesive  strength  of  square^  roundy 
and  rectangular  bars,  of  any  of  the  various  bodies,  as  specified  in 
the  table. — Multiply  the  strength  of  an  inch  bar,  (as  in  the  tabled 
of  the  body  required,  by  the  cross  sectional  area  of  square  ana 
rectangular  bars,  or  by  the  square  of  the  diameter  of  round  bars ; 
and  the  product  will  be  the  ultimate  cohesive  strength. 

A  bar  of  cast  iron  being  1^  inches  square,  required  its  cohesive 
power. 

1-5  X  1-5  X  18656  «  419T6  lbs. 

Required  the  cohesive  force  of  a  bar  of  English  wrought  iron, 
2  inches  broad,  and  f  of  an  inch  in  thickness. 

2  X  -375  X  65872  =  41904  lbs. 

Required  the  ultimate  cohesive  strength  of  a  round  bar  of 
irronght  copper  |  of  an  inch  in  diameter. 

•75»  X  26540  =-  14928-76  lbs. 

PROBLEM  n. 

Rule. — The  weight  of  a  body  being  given,  to  find  the  cross  sec- 
tional dimensions  of  a  bar  or  rod  capable  ff  sustaining  that  weight.^* 
For  square  and  round  bars,  divide  the  weight  given  by  one-third 
of  the  cohesive  strength  of  an  inch  bar,  (as  specified  in  the  table,) 
and  the  square  root  of  the  quotient  will  be  the  side  of  the  square, 
or  diameter  of  the  bar  in  inches. 
t2 
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And  if  rectangular,  divide  the  quotient  bj  the  breadth,  and  the 
result  will  be  the  thickness. 

What  must  be  the  side  of  a  square  bar  of  Swedish  iron  to  sus- 
tain a  permanent  weight  of  18000  lbs  ? 


%/ 


^18000 
24021 


=s  '86,  or  nearly  f  of  an  inch  square. 


Required  the  diameter  of  a  round  rod  of  cast  copper  to  cany 
a  weight  of  6800  lbs. 

6800 


%/ 


4993 


1.16  inches  diameter. 


A  bar  of  English  wrought  iron  is  to  be  applied  to  carry  a  weight 
of  2760  lbs. ;  required  the  thickness,  the  breadth  being  two  inches. 

2760 
Tqqoa  =  '142  -J-  2  =  '071  of  an  inch  in  thickness. 

A  Table  showing  the  circumference  of  a  rope  equal  to  a  chain 
made  of  iron  of  a  given  diameteVy  and  the  weight  in  tons  that 
each  is  proved  to  carry  ;  ahoj  the  weight  of  afoot  of  chain  made 
from  iron  of  that  dimension. 


Chmins. 

PrOTcd  to  eurj 

W«l(htof*Il>Md 

ar.inliu. 

Diun.  in  InehM. 

iBtoU. 

fooiiall^An. 

3 

iandA 

1 

1-08 

4 

f 

2 

1-5 

4f 

land  A 

8 

2 

6* 

i 

4 

2-7 

6 

J  and  A 

5 

3-8 

6J 

1 

6 

4 

I 

land  A 

8 

4-6 

I* 

1 

H 

5-5 

8 

fandA 

Hi 

61 

9 

i 

18 

7-2 

n 

land  A 

15 

8-4 

m 

1  inch. 

18 

9-4 

ON  THE  TRANSVERSE  STRENGTH  OF  BODIES. 

The  tranverse  strength  of  a  body  is  that  power  which  it  exerts 
in  opposing  any  force  acting  in  a  perpendicular  direction  to  its 
length,  as  in  the  case  of  beams,  levers,  &c.,  for  the  fundamental 
principles  of  which  observe  the  following: — 

That  the  transverse  strength  of  beams,  &c.  is  inversely  as  their 
lengths,  and  directly  as  their  breadths,  and  square  of  their  depths, 
and,  if  cylindrical,  as  the  cubes  of  their  diameters ;  that  is,  if  a 
beam  6  feet  long,  2  inches  broad,  and  4  inches  deep,  can  carry 
2000  lbs.,  another  beam  of  the  same  material,  12  feet  long,  2  inches 
broad,  and  4  inches  deep,  will  only  carry  1000,  being  inversely  as 
their  lengths.  Again,  if  a  beam  6  feet  long,  2  inches  broad,  and 
4  inches  deep,  can  support  a  weight  of  2000  lbs.,  another  beam  of 
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the  same  material,  6  feet  long,  4  inches  broad,  «nd  4  inches  deep, 
iriU  support  double  that  weight,  being  directly  as  their  breadths ; 
— ^but  a  beam  of  that  material,  6  feet  long,  2  inches  broad,  and 
8  inches  deep,  will  sustain  a  weight  of  8000  lbs. ;  being  as  the 
square  of  their  depths. 

From  a  mean  of  experiments  made,  to  ascertain  the  transverse 
strength  of  various  bodies,  it  appears  that  the  ultimate  strength 
of  an  inch  square,  and  an  inch  round  bar  of  each,  1  foot  long, 
loaded  in  the  middle,  and  lying  loose  at  both  ends,  is  nearly  as 
follows,  in  lbs.  avoirdupois. 


Nftines  of  BodiM. 

Square  Bar. 

One-third. 

Round  Bar. 

One-third. 

Oak 

800 

1187 

669 

916 

666 

2680 

4013 

267 

879 
189 
806 
188 
860 
1838 

628' 
893 
447 
719 
444 
2026 
8162 

209 

298 
149 
289 
148 
676 
1050 

Ash 

Elm 

Pitch  pine 

Deal 

Cast  iron 

Wrought  iron 

PROBLEM  I. 

Rule. — To  find  the  ultimate  transverse  strength  of  any  rectan- 
gular beamy  supported  at  both  ends,  and  loaded  in  the  middle;  or 
supported  in  the  middle,  and  loaded  at  both  ends ;  also,  when  the 
weight  is  between  the  middle  and  the  end ;  likewise  when  fixed  at 
cm  end  and  loaded  at  the  other. — Multiply  the  strength  of  an  inch 
square  bar,  1  foot  long,  (as  in  the  table,)  by  the  breadth,  and  square 
of  the  depth  in  inches,  and  divide  the  product  by  the  length  in 
feet ;  the  quotient  will  be  the  weight  in  lbs.  avoirdupois. 

What  weight  will  break  a  beam  of  oak  4  inches  broad,  8  inches 
deep,  and  20  feet  between  the  supports  ? 

800x4  x8«      ,,^,^,, 
20 ^  ^^^^^  ^^^• 

When  a  beam  is  supported  in  the  middle,  and  loaded  at  each 
end,  it  will  bear  the  same  weight  as  when  supported  at  both  ends 
and  loaded  in  the  middle ;  Uiat  is,  each  end  will  bear  half  the 
weight. 

When  the  weight  is  not  situated  in  the  middle  of  the  beam,  but 
placed  somewhere  between  the  middle  and  the  end,  multiply  twice 
the  length  of  the  long  end  by  twice  the  length  of  the  short  end,  and 
divide  the  product  by  the  whole  length  of  the  beam ;  the  quotient 
will  be  the  effectual  length. 

Required  the  ultimate  transverse  strength  of  a  pitch  pine  plank 
24  feet  long,  8  inches  broad,  7  inches  deep,  and  the  weight  placed 
8  feet  from  one  end. 


82  X  16 

24 

and 


21-3  effective  length. 


916  X  3  X  7^ 
21-3 


6321  lbs. 
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AgaiOy  when  a  beam  is  fixed  at  one  end  and  loaded  at  the  other, 
it  will  only  bear  ^  of  the  weight  as  when  supported  at  both  ends 
and  loaded  in  the  middle. 

What  is  the  weight  requisite  to  break  a  deal  beam  6  inches  broad, 
9  inches  deep,  and  projecting  12  feet  from  the  wall  ? 

566  X  6  X  9* 

j2 ■=  22928  -i-  4  «  5730-7  lbs. 

The  same  rules  apply  as  well  to  beams  of  a  cylindrical  form, 
with  this  exception,  that  the  strength  of  a  round  bar  (as  in  the 
table)  is  multiplied  by  the  cube  of  the  diameter,  in  place  of  the 
breadth,  and  square  of  the  depth. 

Required  the  ultimate  transverse  strength  of  a  solid  cylinder  of 
cast  iron  12  feet  long  and  5  inches  diameter. 

2026  X  6^       ^^^^^  ,^ 
j2 =  21104  lbs. 

What  is  the  ultimate  transverse  strength  of  a  hollow  shaft  of 
cast  iron  12  feet  long,  8  inches  diameter  outside,  and  containinc 
the  same  cross  sectional  area  as  a  solid  cylinder  5  inches  diameter : 


v^8^  -  6^  «  6-24,  and  8»  -  6-243  «  269. 

2026  X  269 
Then, jg 45416  lbs. 

When  a  beam  is  fixed  at  both  ends,  and  loaded  in  the  middle,  it 
will  bear  one-half  more  than  it  will  when  loose  at  both  ends. 

And  if  a  beam  is  loose  at  both  ends,  and  the  weight  laid  uni- 
formly along  its  length,  it  will  bear  double;  but  if  fixed  at  both 
ends,  and  the  weight  laid  uniformly  along  its  length,  it  will  bear 
triple  the  weight. 

PROBLEM  II. 

Rule. — To  find  the  breadth  or  depth  qfbearM  intended  to  sup- 
port a  permanent  wetght.-^Mwltifij  the  length  between  the  sup- 
ports, in  feet,  by  the  weight  to  be  supported  in  lbs.,  and  divide  the 
product  by  one-third  of  the  ultimate  strength  of  an  inch  bar,  (as 
in  the  table,)  multiplied  by  the  square  of  the  depth ;  the  quotient 
will  be  the  breadth,  or,  multiplied  by  the  breadth,  the  quotient  will 
be  the  square  of  the  depth,  both  in  inches. 

Required  the  breadth  of  a  cast  iron  beam  16  feet  long,  7  inches 
deep,  and  to  support  a  weight  of  4  tons  in  the  middle. 

4  tons  =  8960  lbs.  and  "ggQx^  ^  ^'*  inches. 

What  must  be  the  depth  of  a  cast  iron  beam  8-4  inches  broad, 
16  feet  long,  and  to  bear  a  permanent  weight  of  four  tons  in  the 

middle  ?  

.      8960x16 
^  860  X  3-4  ^  ^  "^^^^^ 
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When  a  beam  is  fixed  at  both  ends,  the  divisor  must  be  multi- 
plied bj  1*5)  on  account  of  it  being  capable  of  bearing  one-half 
more. 

When  a  beam  is  loaded  nniformlj  throughoat,  and  loose  at  both 
ends,  the  divisor  must  be  multiplied  by  2,  because  it  will  bear 
double  the  weight. 

If  a  beam  ia  fast  at  both  ends,  and  loaded  uniformly  throughout, 
the  divisor  must  be  multipled  by  8,  on  account  that  it  will  bear 
triple  the  weight. 

Required  the  breadth  of  an  oak  beam  20  feet  long,  12  inches 
deep,  made  fast  at  both  ends,  and  to  be  capable  of  supporting  a 
weight  of  12  tons  in  the  middle. 

26880  X  20 
12  tons  as  26880  lbs.,  and  266  x  12'  x  1*5  ™  ^  "^  inches. 

Again,  when  a  beam  is  fixed  at  one  end,  and  loaded  at  the  other, 
the  divisor  must  be  multiplied  by  *25 ;  beeause  it  will  only  bear 
one-fourth  of  the  weight. 

Required  the  depth  of  a  beam  of  ash  6  inches  broad,  9  feet 
projecting  firom  the  wall,  and  to  carry  a  weight  of  47  cwt. 

5264  X  9 
47  cwt.  «=  6264  lbs.,  and  ^379  x  6  x  -25  **  ^^^  inches  deep. 

And  when  the  weight  is  not  placed  in  the  middle  of  a  beam,  the 
effective  length  must  be  found  as  in  Problem  I. 

Required  the  depth  of  a  deal  beam  20  feet  long,  and  to  support 
a  weight  of  63  ewt  6  feet  from  one  end. 

28  X  12 

— 20 —  ™  ^^'^  effective  length  of  beam,  and 

68  cwt.  »  7056  lbs. ;  hence 


7056  X16-8       ^^«,  .    ^     ^ 
y/   ^gg      g —  -■  10*24  mches  deep. 

Beams  or  shafts  exposed  to  lateral  pressure  are  subject  to  all  the 
foregoing  rules,  but  in  the  case  of  water-wheel  shafts,  &c.,  some  al- 
lowances must  be  made  for  wear ;  then  the  divisor  may  be  changed 
from  675  to  600  for  cast  iron. 

Required  the  diameter  of  bearings  for  a  water-wheel  shaft  12 

feet  long,  to  carry  a  weight  of  10  tons  in  the  middle. 

10  tons  =  22400  lbs.,  and 

22400  ^ 

gQQ    =»  -^448  =  7*65  inches  diameter. 

And  when  the  weight  is  equally  distributed  along  its  length,  the 
cube  root  of  half  the  quotient  will  be  the  diameter,  thus : 

44g  

-^  «B  -f  224  =»  6-07  inches  diameter. 

Required  the  diameter  of  a  solid  cylinder  of  cast  iron,  for  the 
shaft  of  a  crane,  to  be  capable  of  sustaining  a  weight  of  10  tons ; 
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one  end  of  the  shaft  to  be  made  fast  in  the  ground,  the  other  to 
project  6  J  feet ;  and  the  effective  leverage  of  the  jib  as  If  to  L 
10  tons  =  22400  lbs.,  and 
22400  X  6-5  X  1-75  _ 

675  X  -25  "  ^^"^ 


And  -^1509  =  11*47  inches  diameter. 
The  strength  of  cast  iron  to  wrought  iron,  in  this  direction,  is  as 
9  is  to  14  nearly ;  hence,  if  wrought  iron  is  taken  in  place  of  cast 
iron  in  the  last  example,  what  must  be  its  diameter  ? 
1509  X  9       ^„^.    '       ^/ 
^ 14 —  "^  inches  diameter. 

ON  TORSION  OR  TWISTING. 

The  strength  of  bodies  to  resist  torsionj  or  wrenching  asunder, 
is  directly  as  the  cubes  of  their  diameters ;  or,  if  square,  as  the 
cube  of  one  side ;  and  inversely  as  the  force  applied  multiplied  iato 
the  length  of  the  lever. 

Hence  the  rule. — 1.  Multiply  the  strength  of  an  inch  bar,  by 
experiment,  (as  in  the  following  table,)  by  the  cube  of  the  diameter, 
or  of  one  side  in  inches ;  and  divide  by  the  radius  of  the  wheel,  or 
length  of  the  lever  also  in  inches ;  and  the  quotient  will  be  the  ul- 
timate strength  of  the  shaft  or  bar,  in  lbs.  avoirdupois. 

2. — Multiply  the  force  applied  in  pounds  by  the  length  of  the 
lever  in  inches,  and  divide  the  product  by  one-third  of  the  ultimate 
strength  of  an  inch  bar,  (as  in  the  table,)  and  the  cube  root  of  the 
quotient  will  be  the  diameter,  or  side  of  a  square  bar  in  inches; 
that  is,  capable  of  resisting  that  force  permanently. 

The  following  Table  contains  the  result  of  experiments  on  inch  hart, 
of  variotLs  metals,  in  lbs,  avoirdupois. 


Names  of  BodiM. 

RoQiid  Bar. 

On«-third. 

Square  Bar. 

One-UunL 

Cast  iron 

11948 

12063 

11400 

20026 

20508 

21111 

5649 

4825 

1688 

1206 

8981 
4021 

3800 
6675 
6886 
7037 
1860 
1608 
563 
402 

15206 

15860 

14592 

25497 

26112 

26880 

7065 

6144 

2150 

1536 

5069 
5120 
4864 
8499 
8704 
8960 
2355 
2048 
717 
512 

EngUsh  wrooght  iron 

Swedish      do.      do. 

'  Blistered  steel 

Shear do 

Cast do 

Yellow  brass... 

Cast  copper 

Tin 

Lead 

What  weight,  applied  on  the  end  of  a  5  feet  lever,  will  wrench 

asunder  a  3  inch  round  bar  of  cast  iron  ? 

11943  X  3»       ,^^,  ,,  .  ^      . 
gg =  5374  lbs.  avoirdupois. 

Required  the  side  of  a  square  bar  of  wrought  iron,  capable  of  re- 
sisting the  twist  of  600  lbs.  on  the  end  of  a  lever  8  feet  long. 


^- 


600  X  96 
5120 


=  2\  inches. 
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In  the  case  of  reyolvin^  shafts  for  machinerj,  &c.,  the  strength 
is  directly  as  the  cubes  of  their  diameters,  and  revolutions,  and  in- 
yersely  as  the  resistance  they  have  to  overcome  ;  hence, 

From  practice^  we  find  that  a  40  horse  power  steam  engine, 
making  25  revolutions  per  minute,  requires  a  shaft  (if  made  of 
wrattght-iran)  to  be  8  inches  diameter :  now,  the  cube  of  8,  multi- 
plied by  25,  and  divided  by  40  =»  820 ;  which  serves  as  a  constant 
multiplier  for  all  others  in  the  same  proportion. 

What  must  be  the  diameter  of  a  wrought  iron  shaft  for  an  engine 
of  65  horse  power,  making  23  revolutions  per  minute  ? 


^- 


65  X  820 
23 


9*67  inches  diameter. 


James  Glenie,  the  mathematician,  gives  400  as  a  constant  mul- 
tiplier for  cast  iron  shafts  that  are  intended  for  first  movers  in  ma- 
chinery ; 

200  for  second  movers ;  and 
100  for  shafts  connecting  smaller  machinery,  &c. 
The  velocity  of  a  80  horse  power  steam  engine  is  intended  to  be 
19  revolutions  per  minute.     Required  the  diameter  of  bearings  for 
the  fly-wheel  shaft. 

400  X  30 
^ Tg —  =  8'579  inches  diameter. 

Required  the  diameter  of  the  bearings  of  shafts,  as  second  movers 

from  a  30  horse  engine ;  their  velocity  being  36  revolutions  per 

XDinute.  

200  X  30       ,  ,  .    ,      ,. 
^ Qg —  =  5'5  mches  diameter. 

When  shafting  is  intended  to  be  of  wrought  iron,  use  160  as  the 
multiplier  for  second  movers ;  and  80  for  shafts  connecting  smaller 
machinery. 

Table  of  the  Proportionate  Length  of  Bearing%j  or  Joumahfor 
Shafts  ofvariotLB  diameters. 


DU.  in  Inehea. 

Ln.i>I>elMi. 

Pla.  In  Inches. 

Len.  in  InchM. 

1 

If 

6J 

8i 

li 

2i 

7 

9| 

2 

3 

n 

10 

H 

H 

8 

lOi 

2i 

H 

H 

llf 

8 

4i 

9 

12 

!* 

H 

9J 

12t 

4  . 

5i 

10 

13i 

^ 

6i 

m 

14 

5 

6f 

11 

14i 

5J 

n 

Hi 

15i 

6 

8J 

12 

16 
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TenacitieSj  Benstances  to  Compre$8iony  and  other  Properties  of  the 
common  Materiah  of  Construction. 


Nunet  of  BodiM. 


T*BMit7  ia  lU. 
por  iq.  iaoh. 


Reilstaaee  to 
oOBii]Hr«Mion 
in  Ite.  p«r  aq. 


Oampuod  with  CMt  Iron. 


IHitrwigth 


lU  extensi- 
bUitjris 


Asli 

Beedi 

Brass 

Brick 

Cast  iron 

Copper  (wrought) 

Elm » 

Fir,  or  Pine,  white 

—  —    red 

—  —    yellow.... 

Granite,  Abenleen 

Gun-metal    (copper  8, 

and  tin  1) 

Malleable  iron 

Larch 

Lead -.... 

Mahoganj,  Honduras.. 

Marble...: 

Oak ^ 

Bope  (I  in.  in  circum.) 

Steel 

Stone,  Bath 

—  Craigleith 

—  Dundee 

—  Portland. 

Tin  (cast) 

Zinc  (sheet) 


14180 
12226 
17d68 
275 
18484 
88000 
9720 
12846 
11800 
11885 


85888 

56000 

12240 

1824 

11476 

551 

11880 

200 

128000 

478 

772 

2661 

857 

4736 

9120 


8548 

10804 

562 

86397 

losa 

2028 

5875 

5445 

10910 


5568 

8000 
6060 
9504 


5490 
6680 
8729 


0-23 
0-15 
0-485 

1000 

0-21 
0-28 
0-3 
0-25 


0-65 

1-12 

0136 

0096 

0-24 

0-25 


0182 
0*865 


2-6 
2-1 
0-9 

10 

2-9 
2-4 
2-4 
2-9 


1-25 

0-86 

2-8 

2-5 

2-9 

2-8 


0-75 
0-5 


0-089 
0-073 
0-49 

1-000 

0078 
01 
01 
0-087 


0-585 

1-3 

0-058 

0-0386 

0-487 

0-098 


0-25 
0-76 


Comparative  Strength  and  Weight  of  Ropes  and  Chains. 


1 

i 

i 

i 

} 

k 

i 

k 

1- 

Proof 
•tranithiii 
\nainik. 

la 

I 

Proof  Mniflk 
iKtoasJiowt 

2* 

A 

6i 

1    6i 

10 

23 

\ 

48 

10     0 

4i 

4} 

1 

•    8 

1  16| 

10} 

28 

^ 

49 

11 11 

5 

5} 

A 

lOi 

2  10 

Hi 

30i 

lin. 

56 

13    8 

5i 

7 

\ 

14 

3    6i 

12i 

86 

lA 

63 

14  18 

6i 

9j 

A 

18 

4    Si 

13 

39 

n 

71 

16  14 

.7 

111 

t 

22 

5    2 

13| 

45 

lA 

79 

18  11 

8 

15 

H 

27 

6    4} 

14i 

48| 

11 

87 

20     8 

8} 

19 

} 

32 

7    7 

15i 

56 

lA' 

96 

22  13 

9i 

21 

« 

37 

8  13i 

16      60 

If 

106 

24  18' 

It  must  be  understood  and  also  borne  in  mind,  that  in  estimating 
the  amount  of  tensile  strain  to  which  a  body  is  subjected,  the  weight 
of  the  body  itself  must  also  be  taken  into  account ;  for  according 
to  its  position  so  may  it  approximate  to  its  whole  weight,  in  tend- 
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ing  to  produce  tension  within  itself;  as  in  the  almost  constant 
application  of  ropes  and  chains  to  great  depths,  considerable 
heights,  &c. 

Alloys  that  are  of  greater  Tenacity  than  the  sum  of  their  Constttu- 
entSy  as  determined  by  the  Experiments  of  Muschenbroek. 

Swedish  copper  6  parts,  Malacca  tin  1 — tenacity  per  square  inch  64,000  lbs. 

Chili  «opper  6  parts,  Malacca  tin  1 60,000 

Japan  copper  6  parte,  Banca  tin  1 57,000 

Anglesea  •opper  6  parte,  Cornish  tin  1 41,000 

Common  blocK  tin  4,  lead  1,  zinc  1 18,000 

Malacca  tin  4,  regains  of  antimony  1 12,000 

mock  tin  8,  lead  1 10,200 

Block  tin  8,  linc  1 10,000 

Lead  1,  zinc  1 : 4,500 

Tablb  ofDatOj  eantaimng  the  BestUts  of  Experiments  on  the  Ela$' 
tieity  and  Strength  of  various  Species  of  Timber. 


SpeeiM  of  Timter. 

Value  of  E. 

Valao  of  S. 

SpeelMofTlBibtt. 

Tftl«e  of  E. 

YttlooofS. 

Jeak 

174-7 

122-26 

105 

155-6 
86-2 
70-5 

119 
98 

2462 
2221 
1672 
1766 
1457 
1888 
2026 
1556 

Elm 

50-64 

88-68 
188 
158-6 

90 

68 

76 
106-47 

1018 
1682 
1841 
1102 
1100 
1200 
900 
1474 

Poona 

Snglish  oak 

Dantiio     do 

Adriatic    do 

Ash 

Pitch  pine 

Bed  pine 

New  England  fir 
Biga  fir 

Mar  Forest    do. 
Larch 

Beech 

Norway  spruce... 

Rule. — To  find  the  dimensions  of  a  beam  capable  of  sustaining 
a  given  weighty  with  a  given  degree  of  deflection^  when  supported 
at  both  ends. — Multiply  the  weight  to  be  supported  in  lbs.  by  the 
cube  of  the  length  in  feet ;  divide  the  product  by  82  times  the 
tabular  value  of  E,  multiplied  into  the  ffiven  deflection  in  inches, 
and  the  quotient  is  the  Inreadth  multiplied  by  the  cube  of  the  depth 
in  inches. 

When  the  beam  is  intended  to  be  square,  then  the  fourth  root 
of  the  quotient  is  the  breadth  and  depth  required. 

If  the  beam  is  to  be  cylindrical,  multiply  the  quotient  by  1*7, 
and  the  fourth  root  of  the  product  is  the  diameter. 

The  distance  between  the  supports  of  a  beam  of  Biga  fir  is 
16  feet,  and  the  weight  it  must  be  capable  of  sustaining  in  the 
middle  of  its  length  is  8000  lbs.,  with  a  deflection  of  not  more 
than  I  of  an  inch ;  what  must  be  the  depth  of  the  beam,  suppos- 
ing the  breadth  8  inches  ? 

IS  X  8000  _-._^ 

90  X  82  X  -75  ^  ^^^^^  "^  ®  ""  ^^^  "  ^'^  "^-  *®  ^^P*^- 

Rule. — To  determine  the  absolute  strength  of  a  rectangular  beam 
of  timber  when  supported  at  both  endSj  a^id  loaded  in  the  middle 
of  its  length,  as  beams  in  general  ought  to  be  calculated  tOj  so  that 
they  may  be  rendered  capable  of  withstanding  aU  accidental  cases 
of  emergency. — Multiply  the  tabular  value  of  S  by  four  times  the 
depth  of  the  beam  in  inches,  and  by  the  area  of  the  cross  section 

in  inches ;  divide  the  product  by  the  distance  between  the  supports 
z  19 
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in  inches,  and  the  quotient  will  be  the  absolute  strength  of  the 
beam  in  lbs. 

If  the  beam  be  not  laid  horizontally,  the  distance  between  the 
supports,  for  calculation,  must  be  the  horizontal  distance. 

One-fourth  of  the  weight  obtained  by  the  rule  is  the  greatest 
weight  that  ought  to  be  applied  in  practice  as  permanent  load. 

If  the  load  is  to  be  applied  at  any  other  point  than  the  middle, 
then  the  strength  will  be,  as  the  product  of  the  two  distances  is  to 
the  square  of  half  the  length  of  the  beam  between  the  supports ; 
or,  twice  the  distance,  from  one  end,  multiplied  by  twice  from  the 
other,  and  divided  by  the  whole  length,  equal  the  effective  length 
of  the  beam. 

In  a  building  18  feet  in  width,  an  engine  boiler  of  5|^  tons  is  to 
be  fixed,  the  centre  of  which  to  be  7  feet  from  the  wall ;  and  having 
two  pieces  of  red  pine  10  inches  by  6,  which  I  can  lay  across  the 
two  walls  for  the  purpose  of  slinging  it  at  each,  end, — ^may  I  with 
sufficient  confidence  apply  them,  so  as  to  effect  this  object  ? 
2240x5-5  ^^^^,^  ^  ^ 
^ =  6160  lbs.  to  carry  at  each  end. 

14  X  22 

And  18  feet  —  7  =  11,  double  each,  or  14  and  22,  then  — jg — 

=a  17  feet,  or  204  inches,  effective  length  of  beam. 

•1341  X  4  X  10  X  60 
Tabular  value  of  S,  red  pine  = oQi ^  15776 

lbs.,  the  absolute  strength  of  each  piece  of  timber  at  that  point. 

Rule. — To  determine  the  dimensions  of  a  rectangular  beam  capa- 
ble of  supporting  a  required  weight,  with  a  given  degree  of  deflection^ 
when  fixed  at  one  end. — Divide  the  weight  to  be  supported,  in  lbs., 
by  the  tabular  value  of  E,  multiplied  by  the  breadth  and  deflection, 
both  in  inches ;  and  the  cube  root  of  the  quotient,  multiplied  by 
the  length  in  feet,  equal  the  depth  required  in  inches. 

A  beam  of  ash  is  intended  to  bear  a  load  of  700  lbs.  at  its  ex- 
tremity ;  its  length  being  5  feet,  its  breadth  4  inches,  and  the  de- 
flection not  to  exceed  \  an  inch. 

Tabular  value  of  E  «  119  X  4  X  -5  =  238,  the  divisor ;  then 
700  ^  238  «  ^2-94  x  5  =  7-26  inches,  depth  of  the  beam. 

Rule. — To  find  the  absolute  strength  of  a  rectangular  beam^  when 
fixed  at  one  end,  and  haded  at  the  other. — Multiply  the  value  of  S 
by  the  depth  of  the  beam,  and  by  the  area  of  its  section,  both  in 
inches ;  divide  the  product  by  the  leverage  in  inches,  and  the  quo- 
tient equal  the  absolute  strength  of  the  beam  in  lbs. 

A  beam  of  Riga  fir,  12  inches  by  4},  and  projecting  6^  feet  from 
the  wall ;  what  is  the  greatest  weight  it  will  support  at  the  ex- 
tremity of  its  length  ? 

Tabular  value  of  S  =  1100 
12  X  4*5  =:  54  sectional  area, 

^        1100x12x54       ^,«^,„ 
Then, ^ «  9138-4  lbs. 
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When  fracture  of  a  beam  is  produced  by  vertical  pressure,  the 
fibres  of  the  lower  section  of  fracture  are  separated  by  extension, 
whilst  at  the  same  time  those  of  the  upper  portion  are  destroyed 
by  compression ;  hence  exists  a  point  in  section  where  neither  the 
one  nor  the  other  takes  place,  and  which  is  distinguished  as  the 
point  of  neutral  axis.  Therefore,  by  the  law  of  fracture  thus, esta- 
blished, and  proper  data  of  tenacity  and  compression  given,  as  in 
the  Table  (p.  281),  we  are  enabled  to  form  metal  beams  of  strongest 
section  with  the  least  possible  material :  thus,  in  cast  iron  the  re- 
sistance to  compression  is  nearly  as  6|  to  1  of  tenacity ;  conse- 
quently a  beam  of  cast  iron,  to  be  of  strongest  section,  must  be 
of  the  form  TB,  and  a  parabola  in  the  direction  of  its  csp 
length,  the  quantity  of  material  in  the  bottom  flange  |T 
being  about  6^  times  that  of  the  upper :  but  such  is  not  IJ  ; 
the  case  with  beams  of  timber;  for  aJthoush  the  tenacity  ' 
of  timber  be  on  an  average  twice  that  of  its  resistance  to  compres-^ 
sion,  its  flexibility  is  so  great,  that  any  considerable  length  of  beam, 
where  columns  cannot  be  situated  to  its  support,  requires  to  be 
strengthened  or  trussed  by  iron  rods^  as  in  the  following  manner : 


And  these  applications  of  principle  not  only  tend  to  diminish  de- 
flection, but  the  required  purpose  is  also  more  effectively  attained, 
and  that  by  lighter  pieces  of  timber. 

RuLB. — To  ascertain  the  absolute  strength  of  a  cast  iron  beam  of 
tfie  preceding  form,  or  that  of  strongest  section. — Multiply  the  sec- 
tional area  of  the  bottom  flange  in  inches  by  the  depth  of  the  beam 
in  inches,  and  divide  the  product  by  the  distance  between  the  sup- 
ports also  in  inches ;  and  514  times  the  quotient  equal  the  absolute 
strength  of  the  beam  in  cwts. 

The  strongest  form  in  which  any  ^iven  quantity  of  matter  can 
be  disposed  is  that  of  a  hollow  cylinder ;  and  it  has  been  demon- 
strated that  the  maximum  of  strength  is  obtained  in  cast  iron,  when 
the  thickness  of  the  annulus  or  ring  amounts  to  ^th  of  the  cylinder's 
external  diameter ;  the  relative  strength  of  a  solid  to  that  of  a 
hollow  cylinder  being  as  the  diameters  of  their  sections. 

The  following  table  shows  the  greatest  weight  that  ever  ought 
to  be  laid  upon  a  beam  for  permanent  load,  and  if  there  be  any 
liability  to  jerks,  &c.,  ample  allowance  must  be  made ;  also,  the 
weight  of  the  beam  itself  must  be  included. 

Rule. — To  find  the  weight  of  a  cast  iron  beam  of  given  dimenr 
sions. — Multiply  the  sectional  area  in  inches  by  the  length  in  feet, 
and  by  8*2,  the  product  equal  the  weight  in  lbs. 

Required  the  weight  of  a  uniform  rectangular  beam  of  cast  iron, 
16  feet  in  length,  11  inches  in  breadth,  and  1|  inch  in  thickness. 

11  X  1-5  X  16  X  8-2  =  844-8  lbs. 
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A  Tablb  $hofxmg  the  Weight  or  Preesure  a  Beam  of  0a9t  Iran^ 
1  inch  in  breadthy  mil  eustain  withovt  destroying  its  elastic  foreej 
when  it  is  supported  at  each  end,  and  loaded  in  the  middle  of  its 
length,  and  oho  the  deflection  in  the  middle  which  that  weight 
will  produce. 
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4802 

6812 
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•8 
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1-08 
•98 
•81 
•72 
•64 
•69 
•64 
•49 
•46 
•48 
•40 
•88 
•86 

1680 

2082 

2720 

8488 

4250 

5142 

6120 

7182 

8830 

9662 

10880 

12282 

18762 

1-84 
1-14 
1-00 
•89 
•8 
•73 
-67 
-61 
•67 
•63 
•5 
•47 
•44 

Resistance  of  Bodies  to  Flexure  by  Vertical  Pressure. — ^When  a 
piece  of  timber  is  employed  as  a  column  or  support,  its  tendency 
to  yielding  by  compression  is  different  according  to  the  proportion 
between  its  length  and  area  of  its  cross  section ;  and  supposing  the 
form  that  of  a  cylinder  whose  length  is  less  than  seven  or  eight  times 
its  diameter,  it  is  impossible  to  bend  it  by  any  force  applied  longi- 
tudinally, as  it  will  be  destroyed  by  splitting  before  that  bending 
can  take  place ;  but  when  the  length  exceeds  this,  the  column  wiU 
bend  under  a  certain  load,  and  be  ultimately  destroyed  by  a  similar 
kind  of  action  to  that  which  has  place  in  the  transverse  strain. 

Columns  of  cast  iron  and  of  other  bodies  are  also  similarly  cir- 
cumstanced. 

When  the  .length  of  a  cast  iron  column  with  flat  ends  equals 
about  thirty  times  its  diameter,  fracture  will  be  produced  wholly  by 
bending  of  the  material ; — ^when  of  less  length,  fracture  takes  place 
partly  by  crushing  and  partly  by  bending :  but,  when  the  column 
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IS  enlarged  in  the  middle  of  its  length  from  one  and  a  half  to  twice 
its  diameter  at  the  ends,  by  being  cast  hollow,  the  strength  is 
greater  by  )th  than  in  a  solid  colomn  containing  the  same  quantity 
of  material. 

Rule. — To  determine  the  dimensions  of  a  support  or  column  to 
hear  without  sensible  curvature  a  given  pressure  in  the  direction  of 
its  axis, — Multiply  the  pressure  to  be  supported  in  lbs.  by  the 
square  of  the  column's  length  in  feet,  and  divide  the  product  by 
twenty  times  the  tabular  value  of  E ;  and  the  quotient  will  be  equal 
to  the  breadth  multiplied  by  the  cube  of  the  least  thickness,  both 
being  expressed  in  inches. 

When  the  pillar  or  support  is  a  square,  its  side  will  be  the  fourth 
root  of  the  quotient. 

If  the  pillar  or  column  be  a  cylinder,  multiply  the  tabular 
value  of  E  by  12,  and  the  fourth  root  of  the  quotient  equal  the 
diameter. 

What  should  be  the  least  dimensions  of  an  oak  support,  to  bear 
a  weight  of  2240  lbs.  without  sensible  flexure,  its  breadth  being  8 
inches,  and  its  length  5  feet  7 

2240  X  5*  

Tabular  value  of  E  =  105,  and  20  x  105  x  8  ^  ^8-888  =- 

2-05  inches. 

Required  the  side  of  a  square  piece  of  Riga  fir,  9  feet  in  length, 
to  bear  a  permanent  weight  of  6000  lbs. 

6000  X  9*  

Tabular  value  of  E  ■»  96,  and  2Q  v  96  '^  ^v^258  =*  4  inches 
nearly. 

I>imensions  of  Cylindrical  Columns  of  Cast  Iron  to  sustain  a  given 
load  or  pressure  with  safety. 
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J^raetieal  utility  of  the  preceding  Table. — Wanting  to  support  the 
front  of  a  building  with  cast  iron  columns  18  feet  in  length,  8  inches 
in  diameter,  and  the  metal  1  inch  in  thickness ;  what  weight  may 
s2 
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I  confidently  expect  eacli  column  capable  of  supporting  without 

tendency  to  deflection  ? 

Opposite  8  inches  diameter  and  under  18  feet  =  1097 
Also  opposite  6  in.  diameter  and  under  18  feet  =    440 

=    667  cwta. 
The  strength  of  cast  iron  as  a  column  being  «  1-0000 

—  steel  —  «  2-518 

—  wrought  iron      —  =  1-745 

—  oak(Dantzic)     —  =    -1088 

—  red  deal  —  =    -0785 
Elasticity  of  torsion^  or  resistance  of  bodies  to  twisting. — The 

angle  of  flexure  by  torsion  is  as  the  length  and  extensibility  of  the 
body  directly,  ana  inversely  as  the  diameter ;  hence,  the  length 
of  a  bar  or  shaft  bein^  given,  the  power,  and  the  leverage  the 
power  acts  with,  being  known,  and  also  the  number  of  degrees  of 
torsion  that  will  not  afiect  the  action  of  the  machine,  to  determine 
the  diameter  in  cast  iron  with  a  given  angle  of  flexure. 

Rule. — Multiply  the  power  in  lbs.  by  the  length  of  the  shaft  in 
feet,  and  by  the  leverage  in  feet ;  divide  the  product  by  fifty-five 
times  the  number  of  degrees  in  the  angle  of  torsion,  and  the  fourth 
root  of  the  quotient  equal  the  shaft's  diameter  in  inches. 

Required  the  diameters  for  a  series  of  shafts  35  feet  in  length, 
and  to  transmit  a  power  equal  to  1245  lbs.,  acting  at  the  circum- 
ference of  a  wheel  2\  feet  radius,  so  that  the  twist  of  the  shafts 
on  the  application  of  the  power  may  not  exceed  one  degree. 

1245  X  35  X  2-5  

^ ==  ^v'lSBl  =«  6-67  inches  in  diameter. 

55  X  1 

Relative  strength  of  metals  to  resist  torsion. 

Cast  iron =  1  Swedish  bar  iron  *..=  1-05 

Copper =    -48    English       do «  1-12 

Yellow  brass........  =    -511  Shear  steel =-  1-96 

Gun-metal =    '55     Cast     do =  2-1 

Deflexion  of  Reotangulae  Beams. 

Rule. — To  ascertain  the  amount  of  deflexion  of  a  uniform  beam 
of  cast  irony  supported  at  both  ends,  and  loaded  in  the  middle  to  the 
extent  of  its  elastic  force. — Multiply  the  square  of  the  length  in  feet 
by  '02,  and  the  product  divided  by  the  depth  in  inches  equal  the 
deflexion. 

Required  the  deflection  of  a  cast  iron  beam  18  feet  long  between 
the  supports,  12*8  inches  deep,  2*56  inches  in  breadth,  and  bear- 
ing a  weight  of  20,000  lbs.  in  the  middle  of  its  length. 

18'  X  -02 

— joTg —  «5  *50Q  inches  from  a  straight  line  in  the  middle- 

For  beams  of  a  similar  description,  loaded  uniformly,  the  rule  is 
the  same,  only  multiply  by  -025  in  place  of  *02. 

Rule. — To  find  the  deflection  of  a  beam  when  fixed  at  one  end 
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and  loaded  at  the  other, — Divide  the  length  in  feet  of  the  fixed  part 
of  the  beam  by  the  length  in  feet  of  the  part  which  yields  to  the 
force,  and  add  1  to  the  quotient ;  then  multiply  the  square'  of  the 
length  in  feet  by  the  quotient  so  increased,  and  also  by  -13  ;  divide 
this  product  by  the  middle  depth  in  inches,  and  the  quotient  will 
be  the  deflection,  in  inches  also. 

Multiply  the  deflection  so  obtained  for  cast  iron  by  '86,  the  pro- 
duct equal  the  deflection  for  wrought  iron ;  for  oak,  multiply  by 
2-8;  and  for  fir,  2-4. 

A  Table  of  the  Depths  of  Square  Beams  or  Bars  of  Oast  Irorty 
calculated  to  support  from  1  Cwt.  to  14  Tons  in  the  Middle,  the 
Deflection  not  to  exceed  ^th  of  an  Inch  for  each  Foot  in  Length, 
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8-3 

3-4 

8-6 

8-8 

39 

41 

4-2 

4 

448 

1-7 

20 

2-4 

2-6 

2-9 

81 

3-3 

36 

3-7 

3-9 

4^0 

4-2 

43 

4-6 

5 

660 

1-8 

2-2 

2-6 

2-8 

80 

3-3 

8-6 

8-7 

3-9 

41 

4-3 

4-4 

46 

4-8 

6 

672 

1-8 

22 

2-6 

2-9 

8-2 

34 

37 

39 

41 

4-3 

4-6 

4^6 

4-8 

60 

T 

784 

1-9 

2-3 

2-7 

3^0 

8-3 

3-6 

8-8 

41 

4-2 

4-4 

4-6 

4^8 

6-0 

5-2 

8 

890 

2-0 

2-4 

2-8 

81 

8-4 

3-7 

3-9 

4-2 

4^4 

4-6 

4-8 

6-0 

6-2 

6-4 

9 

l,fM)8 

20 

2-6 

2-9 

3-2 

3-5 

3*8 

4-0 

43 

46 

4-7 

4-9 

61 

6-3 

6-5 

10 

1. 120 

2-1 

2-0 

8K) 

33 

8-6 

3-9 

42 

4-4 

4^7 

4-9 

6-2 

6-3 

6-4 

6-7 

11 

','J82 

21 

26 

30 

3-4 

8-7 

40 

4-3 

4-5 

4-8 

60 

63 

6-4 

6-6 

6-8 

12 

I, .44 

2-2 

2-7 

3^1 

3'6 

8-8 

41 

44 

47 

4-9 

61 

6-3 

6-6 

67 

6-9 

13 

:  +56 

2-2 

2-7 

31 

8-6 

3-8 

4-2 

4-4 

4-7 

49 

62 

6-4 

6-6 

6-9 

60 

14 

r>68 

2-8 

2-8 

8-2 

3-6 

3-9 

4-2 

4-6 

4-8 

60 

6-3 

6-6 

67 

6-0 

6-1 

16 

1  1180 

2-3 

2-8 

3-2 

3-6 

4-0 

4-3 

4-6 

4-9 

62 

6-4 

66 

6-8 

61 

6-2 

10 

l:92 

2-4 

2-9 

3-8 

3-7 

4-0 

4-4 

4-7 

6^0 

6-2 

6-6 

6-7 

6-9 

6-2 

6-4 

17 

I;  104 

2-4 

2-9 

3-4 

3-8 

41 

4-4 

4-7 

6-0 

6^3 

6-5 

6^8 

6D 

6-2 

6^6 

18 

-.110 

2-4 

30 

84 

3-8 

4-2 

4-6 

4-8 

61 

6-4 

6-6 

6-9 

61 

6-.4 

6-6 

19 

'i.L28 

2-5 

8-0 

3-5 

8-9 

4-2 

4-6 

4-9 

6-2 

6-4 

67 

6^0 

6-2 

6-5 

6-7 

1  ton. 

1/J40 

2-6 

8-0 

8-5 

3-9 

4-3 

4-6 

4-9 

6-2 

6-5 

6-8 

6^0 

6-8 

6-6 

6-8 

u 

:m 

2-6 

3-2 

8-7 

41 

4-6 

4-9 

62 

6-5 

6-8 

61 

6-4 

fr6 

6^9 

7-2 

U 

;.,ri80 

2-8 

8-4 

39 

4-3 

4-7 

61 

6-6 

6^8 

61 

6-4 

6-7 

70 

7-2 

7-6 

11 

.viao 

20 

8-5 

4-0 

4-6 

4-9 

6-3 

67 

6-0 

6-3 

6-7 

6-9 

72 

76 

7-7 

2 

4,480 

2-9 

8-6 

41 

4-7 

6-1 

6-6 

6-9 

6-2 

6-6 

6-8 

7-2 

7-6 

7-7 

8^0 

2k 

:l.,f«0 

81 

3-8 

4-4 

4-9 

6^6 

6-8 

0-2 

6-6 

6-9 

7-8 

7-6 

7-9 

8-2 

8-6 

3 

<v720 

8-3 

4-0 

4-6 

b-1 

6-7 

61 

6-6 

6-9 

73 

7-6 

7^9 

8-3 

8-6 

8-9 

3* 

TS40 

8-4 

41 

4-8 

6-3 

6^8 

6-8 

6-7 

71 

7-5 

7-9 

8-2 

S'6 

8-9 

9^2 

4 

.SJ60 

8-6 

4-3 

4-9 

6-5 

6K) 

6^6 

7-0 

7-4 

7-8 

8-2 

8^6 

8-9 

9-2 

9-5 

4* 

10.  «0 

— 

4*4 

61 

6-7 

6-2 

6^ 

7-2 

7-6 

80 

8-4 

8-8 

91 

9^6 

9-8 

6 

ILJOO 

— . 

4-6 

6-2 

6-8 

6-4 

6^9 

7-4 

7^8 

8-2 

8-6 

9-0 

9-4 

9^7 

101 

0 

i:^i40 

_ 

^ 

6-5 

6-1 

6-7 

7-2 

7-7 

8-2 

8-6 

9-0 

9^4 

9-8 

10^2 

10-6 

7 

l!5.r|80 

— 

_ 

6-7 

6-3 

6-9 

7-6 

8-0 

8-6 

8-9 

9-4 

9^8 

10-2 

10-6 

11-0 

8 

ir,i2o 

^ 

— . 

6-9 

6^6 

7-2 

7-8 

8-3 

8-8 

93 

9-7 

101 

10^6 

10-9 

11-3 

9 

iio.160 

— 

— 

6K) 

6-8 

7-4 

8-0 

8-6 

9-0 

9-6 

10-0 

10-4 

10^9 

113 

11-7 

10 

"tLm 

— 

— 

_ 

6-9 

7-6 

8^2 

8-8 

9^3 

9-8 

10-3 

10-7 

11-2 

11-6 

120 

11 

i*.W0 

—  . 

— . 

^ 

7-1 

7-8 

8-4 

9-0 

9-5 

lOK) 

10-5 

11^0 

11-5 

11-9 

123 

12 

'i'XHSO 

— 

^ 

^ 

7-2 

7-9 

8-6 

9-2 

9-7 

10^ 

10-8 

11-2 

11^7 

121 

12-6 

13 

•i.<A70 

— 

— 

— 

7-4 

8-1 

8-8 

9-4 

9-9 

10-4 

11-0 

11-6 

11-9 

12-4 

12-8 

14 

ai.«o 

— 

— 

— 

76 

8^3 
•3 

8-9 
•35 

9^6 
•4 

lO^l 

10-6 

111 

11-7 
•6 

12^1 
•66" 

126 
•7 

180 
~6" 

X>i«Mdm  to  laebM 

•1 

•16 

•2 

•26 

•46 

•5 

•65 

L«ctb.toF«H 

10 

12 

14 

16 

18 

20 

22 

24 

20 

28 

80 

82 

34 

36 

15 

33,000 

7-7 

8-4 

91 

9-7 

10-3 

10-8 

114 

11^9 

12-3 

12-8 

13-2 

13-7 

14-1 

14-6 

10 

35,840 

7-8 

8-6 

9-2 

9-8 

10-4 

110 

11-5 

12^0 

12-5 

13-0 

13-5 

13-9 

14-3 

147 

17 

88,080 

7-9 

8-7 

9-4 

10-0 

10-6 

11-2 

11-7 

12-2 

127 

132 

13'7 

141 

14-6 

14*9 

18 

40,320 

8-0 

8-8 

9-6 

101 

10-8 

11-3 

11-9 

124 

12^9 

13-4 

13*9 

14-3 

14-7 

161 

19 

42,560 

81 

8-9 

9-6 

10-3 

109 

11-6 

12^2 

12-6 

131 

13-6 

141 

146 

160 

16-4 

20 

44,800 

_ 

9-0 

9-7 

10-4 

11^0 

11-6 

126 

12-7 

13-2 

13-8 

14-2 

147 

161 

16-6 

22 

49,280 

— 

9-2 

100 

10-7 

11-3 

11-9 

12-8 

130 

13-6 

141 

14-6 

151 

16-6 

15-9 

24 

68,7«0 

— 

9-4 

102 

10-9 

11-6 

12^2 

13-0 

13^4 

13-9 

14-4 

14-9 

16-4 

18-9 

16-3 

28 

58,240 

— 

9-6 

104 

111 

11-8 

12-4 

13-3    136 

14-2 

14-7 

15-2 

15-7 

16-2 

lC-7 

28 

62,720 

— 

9-8 

10-6 
~36^ 

11-4 

•4| 

12-0 

12-7 
•6 

13-6  1  13-9 

144 

•66 

160 

165 
•76 

16-0 

16-6 
•86 

17^0 
~-9 

M«i. 

lafawkM 

•26 

•8 

•46 

•66  1 

■6| 

296 


THB  FKACnOAL  HODBL  CALCUI.ATOB. 


X«lA««DlM 

U 

16 

18 

20 

22 

84 

26 

28 

ao 

82 

I 

In. 

34 

I 

In. 

86 

1 

In. 

88 

-1 

i^e^ 

■''8?.**' 

1 

1 

1 

1 

In. 

1 

In. 

1 

In. 

1 

In. 

1 

In. 

1 

In. 

i 

In. 

In. 

lo. 

IB. 

In. 

80 

er,aoo 

10^ 

11-6 

12^ 

IM 

13-6 

141 

14-7 

16-2 

16-7 

16-3 

16-8 

17-3 

17-7 

18-2 

82 

71,680 

ll-O 

11-7 

12>4 

131 

13-7 

14-8 

14^9 

16-6 

16i) 

16-6 

17-0 

17-5  ]  18-0 

18-* 

84 

76,160 

HI 

11-9 

12*6 

13-3 

18-9 

14-6 

161 

15-7 

16-2 

16^ 

17-3 

17-8 

183 

18-S 

86 

80.640 

11-3 

12H) 

12-8 

13-4 

141 

14-7 

16-3 

16-9 

16-5 

17-0 

17-5 

18-0 

18-6 

19>) 

88 

86,120 

11-4 

12-2 

18-0 

18-6 

14-3 

14-9 

16-6 

16-1 

16-7 

17^2 

17-8 

183 

18*8 

10-3 

40 

80,600 

12-4 

181 

18-8 

14-6 

161 

16-7 

16-4 

16-9 

17-6 

IS^O 

18-5 

19-1 

19^ 

42 

04,080 

_ 

12-6 

18-3 

14-0 

14-7 

16-8 

16-9 

16-6 

171 

17-7 

18-2 

18-7 

IM 

19« 

44 

98,660 

— 

12-7 

18-6 

14-2 

14-9 

ie-o 

16-5 

16-1 

16-8 

17-4 

17-9 

18-5 

19-0 

19-5 

•aw 

46 

103,040 

_ 

12-8 

13-6 

14-8 

16-7 

16-8 

170 

17-6 

18-1 

18-7 

19^ 

19-8 

ao-3 

48 

107,520 

^ 

18-0 

13-7 

14-6 

15-2 

16-9 

16-6 

171 

17-7 

18-3 

18-8 

19-4 

20-0 

:a^& 

60 

112,000 

— 

— 

13-ft 

14-6 

16-8 

16K) 

18-6 

17-3 

17-9 

18-6 

19^) 

19-6 

20-1 

2frT 

62 

116,480 

m^ 

_ 

14-0 

14-7 

166 

16-2 

16-8 

17-6 

181 

18-7 

19*2 

19-8 

•iO-3 

21-0 

64 

120,060 

_ 

_ 

14*1 

14-9 

16-7 

16-3 

17-0 

17-6 

18-2 

18-8 

19-4 

19-9 

20-5 

2M 

66 

125,440 

_ 

.. 

14-3 

160 

16-8 

16-6 

17-1 

17-8 

18-4 

19K> 

19< 

201 

207 

213 

68 

120,920 

_ 

^ 

14-4 

161 

16-9 

16-6 

17-3 

17-9 

18-6 

19*2 

19-7 

20-3 

20< 

21-4 

00 

184,400 

— 

— 

14-6 

16-3 
•6 

16-0 
•66 

16-7 
•6 

17-4 
•65 

181 
•7 

18-7 
•75 

19-3 

•8 

19-9 
■86 

205 

211 
•95 

21< 

"To 

PaiwliMlalaakM 

-36 

•4 

•46 

Examples  illustrative  of  the  Table. — 1.  To  find  the  depth  of  a 
rectangular  bar  of  cast  iron  to  support  a  weight  of  10  tons  in  the 
middle  of  its  length,  the  deflection  not  to  exceed  ^  of  an  inch  per 
foot  in  length,  and  its  length  20  feet,  also  let  the  depth  be  6  times 
the  breadth. 

Opposite  6  times  the  weight  and  under  20  feet  in  length  is  15*3 
inches,  the  depth,  and  }  of  15*3  —  2*6  inches,  the  breadth. 

2.  To  find  the  diameter  for  a  cast  iron  shaft  or  solid  cylinder 
that  will  bear  a  given  pressure,  the  flexure  in  the  middle  not  to  ex- 
ceed ^th  of  an  inch  for  each  foot  of  its  length,  the  distance  of  the 
bearings  being  20  feet^  and  the  pressure  on  the  middle  equals  10 
tons. 

Constant  multiplier  1-7  for  round  shafts,  then  10  X  1*7  =  17- 
And  opposite  17  tons  and  under  20  feet  is  11*2  inches  for  the  di- 
ameter. 

But  half  that  flexure  is  quite  enough  for  revolving  shafts :  hence 
17  X  2  »  34  tons,  and  opposite  34  tons  is  13'j3  inches  for  the  di- 
ameter. 

8.  A  body  256  lbs.  weight,  presses  against  its  horizontal  sup- 
port, so  that  it  requires  the  force  of  52  lbs.  to  overcome  its  friction ; 
if  the  body  be  increased  to  8750  lbs.,  what  force  will  cause  it  to 
pass  from  a  state  of  rest  to  one  of  motion  ? 

52 

2^  =  '203125  =s=  ,  in  this  case,  the  coefficient  of  friction; 

.-.  8750  X  203125  =  1777-84375  lbs.,  the  force  required. 

This  calculation  is  based  upon  the  law,  that  friction  is  propor- 
tional to  the  normal  pressure  between  the  rubbing  surfaces.  Twice 
the  pressure  gives  twice  the  friction ;  three  times  the  pressure  gives 
three  times  the  friction ;  and  so  on.  With  light  pressures,  this  law 
may  not  hold,  but  then  it  is  to  be  attributed  to  the  proportionately 
greater  effect  of  adhesion. 

4.  If  a  sleigh,  weighing  250  lbs.,  requires  a  force  of  28  lbs.  to 
draw  it  along ;  when  1120  lbs.  are  placed  in  it,  required  the  units 
of  work  expended  to  move  the  whole  350  feet  ? 
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28 
2gQ  =  '112,  the  coeiEcient  of  friction. 

Then  (1120  +  260)  x  -112  »  158-44  lbs.,  the  force  required  to 
move  the  whole. 

.-.  153-44  X  850  «  53704,  the  nnits  of  work  required. 

A  UNIT  OP  WORK  is  the  labour  which  is  equal  to  that  of  raising 
one  pound  a  foot  high.  It  is  supposed  that  a  horse  can  perform 
33000  units  of  work  in  a  minute. 

It  may  also  be  remarked  that  friction  is  independent  of  the  ex- 
tent of  the  surfaces  in  contact,  except  with  trifling  pressures  and 
large  surfaces,  which  is  on  account  of  the  effect  of  adhesion.  The 
friction  of  motion  is  independent  of  velocity,  and  is  generally  less 
than  that  of  quiescence.  a 

5.  Required  the  co- 
efficient of  friction,  for 
a  diding  motion^  of 
cast  iron  upon  wrought, 
hbricated  with  Dev- 
lin's oil,  and  under 
the  following  circum- 
stances: the  load  A, 
and  sledge  nm,  weighs 
8420  lbs.,  and  requires 
a  weight  W,  of  1200  lbs.  to  cause  it  to  pass  from  a  state  of  rest 
ii^io  one  of  motion :  the  sledge  and  load  pass  over  22  feet  on  the 
horizontal  way  ra,  in  8  seconds. 

In  this  case  the  coefficient  of  sliding  motion  will  be 

1200      1200'+  8420      2  x  22 

8420  ""         8420         ^  ^  x  8*' 

In  which  g  »  32-2  feet ;  the  acceleration  of  the  free  descent  of 

bodies  brought  about  by  gravity.    The  above  expression  becomes 

•142515  -  1-142515  x  ^^  =  -118121. 

Hence  the  coefficient  of  the  friction  of  motion  is  -118121,  and  the 
coefficient  of  the  friction  of  quiescence  is  -142515. 

or  F&icnoN,  OB  bbsistanox  to  motion  in  Bonnes  boluno  ob  sub- 
bing ON  BACH  OTHEB. 

In  the  years  1831,  1832,  and  1833,  a  very  extensive  set  of  ex- 
periments were  made  at  Metz,  by  M.  Morin,  under  the  sanction 
of  the  French  government,  to  determine  as  nearly  as  possible  the 
laws  of  friction ;  and  by  which  the  following  were  fully  established : 

1.  When  no  unguent  is  interposed,  the  friction  of  any  two  sur- 
faces (whether  of  quiescence  or  of  motion)  is  directly  proportional 
to  the  force  with  which  they  are  pressed  perpendicularly  together ; 
so  that  for  any  two  given  surfaces  of  contact  there  is  a  constant 
ratio  of  the  friction  to  the  perpendicular  pressure  of  the  one  surface 
upon  the  oither.     Whilst  this  ratio  is  thus  the'  same  for  the  same 
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surfaces  of  contact,  it  is  different  for  different  surfaces  of  contact. 
The  particular  value  of  it  in  respect  to  any  two  given  surfaces  of 
contact  is  called  the  coefficient  of  friction  in  respect  to  those  sur- 
faces. 

2.  When  no  unguent  is  interposed,  the  amount  of  the  friction  is, 
in  every  case,  wholly  independent  of  the  extent  of  the  surfaces  of 
contact ;  so  that,  the  force  with  which  two  surfaces  are  pressed  to- 
gether being  the  same,  their  friction  is  the  same,  whatever  may  be 
the  extent  of  their  surfaces  of  contact. 

8.  That  the  friction  of  motion  is  wholly,  independent  of  the  velo- 
city of  the  motion. 

4.  That  where  unguents  are  interposed,  the  coefficient  of  friction 
depends  upon  the  nature  of  the  unguent,  and  upon  the  greater  or 
less  abundance  of  the  supply.  In  respect  to  the  supply  of  the  un- 
guent, there  are  two  extreme  cases,  that  in  which  the  surfaces  of 
contact  are  but  slightly  rubbed  with  the  unctuous  matter,  as,  for 
instance,  with  an  oiled  or  greasy  cloth,  and  that  in  which  a  con- 
tinuous stratum  of  unguent  remains  continually  interposed  between 
the  moving  surfaces ;  and  in  this  state  the  amount  of  friction  is 
found  to  be  dependent  rather  upon  the  nature  of  the  unguent  than 
upon  that  of  the  surfaces  of  contact.  M.  Morin  found  that  with 
unguents  (hog's  lard  and  olive  oil)  interposed  in  a  continuous  stra- 
tum between  surfaces  of  wood  on  metal,  wood  on  wood,  metal  on 
wood,  and  metal  on  metal,  when  in  motion,  have  all  of  them  very 
near  the  same  coefficient  of  friction,  being  in  all  cases  included  be- 
tween -07  and  -08. 

The  coefficient  for  the  unguent  tallow  is  the  same,  except  in  that 
of  metals  upon  metals.  This  unguent  appears  to  be  less  suited  for 
metallic  substances  than  the  others,  and  gives  for  the  mean  value 
of  its  coefficient,  under  the  same  circumstances,  *10.  Hence,  it  is 
evident,  that  where  the  extent  of  the  surface  sustaining  a  given 
pressure  is  so  great  as  to  make  the  pressure  less  than  that  which 
corresponds  to  a  state  of  perfect  separation,  this  greater  extent  of 
surface  tends  to  increase  the  friction  by  reason  of  that  adhesiveness 
of  the  unguent,  dependent  upon  its  greater  or  less  viscosity,  whose 
effect  is  proportional  to  the  extent  of  the  surfaces  between  which 
it  is  interposed. 

It  was  found,  from  a  mean  of  experiments  with  different  unguents 
on  axles,  in  motion  and  under  different  pressures,  that,  with  the 
unguent  tallow,  under  a  pressure  of  from  1  to  5  cwt.,  the  friction 
did  not  exceed  ^th  of  the  whole  pressure ;  when  soft  soap  was  ap- 
plied, it  became  ^th ;  and  with  the  softer  unguents  applied,  such 
as  oil,  hog's  lard,  &c.,  the  ratio  of  the  friction  to  the  pressure  in- 
creased ;  but  with  the  harder  unguents,  as  soft  soap,  tallow,  and 
anti-attrition  composition,  the  friction  considerably  diminished; 
consequently,  to  render  an  unguent  of  proper  efficiency,  the  nature 
of  the  unguent  must  be  measured  by  the  pressure  or  weight  tend- 
ing to  force  the  surfaces  together. 
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Table  of  the  Hesults  of  Experiments  on  the  Friction  of  Unctuous 
Surfaces.     By  M.  Morin. 


finrflMei  of  Contoot. 


Coefflciento  of  Friction. 


Friction  of      Friction  of 
Motion.        Quiescence. 


Oak  upon  oak,  the  fibres  being  parallel  to  the  motion 

Ditto,  the  fibres  of  the  moving  body  being  perpendicu- 
lar to  the  motion 

Oak  upon  elm,  fibres  parallel 

Elm  upon  oak,  do 

Beech  upon  oak,       do y 

Elm  upon  elm,  do 

Wrought  iroA  upon  elm,  do 

Ditto  upon  wrought  iron,  do 

Ditto  upon  cast  iron,  do 

Cast  iron  upon  wrought  iron,  do 

Wrought  iron  upon  brass,  do 

Brass  upon  wrought 'iron,  do 

Cast  iron  upon  oak,  do 

Ditto  upon  elm,  do.,  the  unguent  being  tallow 

Ditto,  do.,  the  unguent  being  hog's  lard  and  black 
lead .-. : 

Elm  upon  cast  iron 

Cast  iron  upon  cast  iron 

Ditto  upon  brass 

Brass  upon  cast  iron 

Ditto  upon  brass 

Copper  upon  oak 

Tellow  copper  upon  cast  iron 

Leather  (ox-hide),  well  tanned,  upon  cast  iron,  wetted 

Ditto  upon  brass,  wetted 


0-018 

0148 
0-136 
0-119 
0-330 
0-140 
0-188 
0177 

0148 
0160 
0-166 
0107 
0-125 

0-137 
0135 
0-144 
0-182 
0-107 
0-184 
0-100 
0-115 
0-229 
0-244 


0-890 
0-814 
0-420 


0-118 

0-100 

0-098 

0164 
0-267 


In  these  experiments,  the  surfaces,  after  having  been  smeared 
with  an  unguent,  were  wiped,  so  that  no  interposing  layer  of  the 
QDgaent  prevented  intimate  contact. 

Table  of  the  Results  of  Experiments  on  Friction^  with  Unguents 
interposed.     By  M.  MoRiN. 


SorfkoM  of  ContMt 

Coefficients  of  Friction. 

Ungnenta. 

• 

Friction  of 
Motion. 

FricUon  of 
Qnioioenoo. 

Oak  upon  oak,  fibres  paraUel.... 
Do,                      do 

0164 
0-076 
0-067 
0083 
0-072 
0-250 
0-186 
0073 
0066 
0080 
0-098 
0-055 
0-187 
0-170 
0-060 
0139 
0066 

0-266 

0-214 

0-440 
0-164 

0-254 
0-178 

o-'iii 

0142 
0-217 

0-649 

Dry  soap. 
Tallow. 
Hog's  lard. 
TaUow. 
Hog's  lard. 
Water. 
Dry  soap. 
Tallow. 
Hog's  lard. 
Tallow. 
Tallow. 
Tallow. 
Dry  soap. 
Tallow. 
Hog's  lard. 
Dry  soap. 
Tallow. 

r  Qreased  and  satu- 
\  rated  with  water. 
Dry  soap. 

Do.                      do 

Do.,  fihreii  n<n*i>endicular*r..rTTT" 

00                      tio 

Do.                      do 

Do.  upon  elm,  fibres  parallel 

Do.                      do 

Do.                      do 

Do.  unon  wronsht  iron 

Beech  upon  oak,  fibres  parallel.. 
Elm  uDon  oak.    do 

Do.                      do 

Do.                      do 

Elm  unon  elm.    do 

Do  iiT>on  east  iron 

Wrought  iron  upon  oak,  fibres  1 

paraUel { 

Do,                      do 
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8arffte«i  of  OoatMt 


Wrought  iron  upon  oak,  fibres ) 

parallel j 

Do.  upon  elm,    do 

Do.  do 

Do.  do , 

Do.  upon  cast  iron,  do 

Do.  do 

Do.  do 

Do.  upon  wrought  iron,  do 

Do.  do 

Do.  do 

Wrought  iron  upon  brass,  do..... 

Do.  do 

Do.  do 

Cast  iron  upon  oak,  do 

Do.  do 

Do.  do 

Do.  do 

Do.  do 

Do.  upon  elm,  do 

Do.  do 

Do.  do 

Do.  upon  wrought  iron 

Do.  upon  cast  iron 

Do.  do 

Do.  do 

Do.  do 

Do.  do 

Do.  do 

Do.  upon  brass 

Do.  do 

Do.  do 

Copper  upon  oak,  fibres  parallel 
Yellow  copper  upon  cast  iron.... 

Do.  do 

Do.  do.. 

Brass  upon  cast  iron 

Do.  do ; 

Do.  upon  wrought  iron 

Do.  do 

Do.  do 

Brass  upon  brass 

Steel  upon  cast  iron 

Do.  do 

Do.  do 

Do.  upon  wrought  iron 

Do.  do 

Do.  upon  brass 

Do.  do 

Do.  do 

Tanned  ox-hide  upon  east  iron... 


Co«aci«nu  of  Pridioa.     1 

Frictioa  of 

FriciloB  of 

Mutioa. 

Qaie«c«BC«. 

0085 

0108 

0078 

... 

0-076 

... 

00o5 

... 

0103 

... 

0076 

... 

0-066 

0100 

0082 

•  .. 

0081 

... 

0070 

0115 

0*108 

••• 

0-076 

... 

0-078 

••• 

0-189 

... 

0-218 

0-646 

0078 

0-100 

0-075 

... 

0075 

0100 

0077 

... 

0061 

... 

0-091 

... 

0-100 

0-314 

... 

0197 

... 

0100 

0-100 

0-070 

0100 

0-064 

... 

0055 

... 

0-103 

0-076 

... 

0078 

... 

0069 

0100 

0072 

0-103 

0-0G8 

... 

0-066 

... 

0086 

0-106 

0077 

... 

0081 

... 

0-089 

... 

0-072 

0-068 

... 

0-106 

0-108 

0081 

•*. 

0079 

... 

0-093 

... 

0076 

... 

0-056 

... 

0058 

... 

0-067 

... 

0-365 

... 

Tallow. 

Tallow. 
Hog*s  lard. 
Olive  oil. 
Tallow. 
Hog's  Urd. 
OliT«  oil. 
Tallow. 
Hog*8  lard. 
Olive  oiL 
Tallow. 
Hog's  lard. 
Olive  oiL 
Dry  soap. 
( Greased  and  sitn- 
t  rated  with  water. 
Tallow. 
Hog's  lard. 
Olive  oil. 
Tallow. 
Olive  oil. 
f  Hog*s  lard  sad 
\  plumbago. 
Tallow. 
Water. 
8oap. 
Tallow. 
Hog's  lard. 
Olive  oil. 
r  Hog's  lard  and 
t  plumbaga 
Tallow. 
Hog's  lard. 
Olive  oiL 
Tallow. 
Tallow. 
Hog's  lard. 
Olive  olL 
Tallow. 
Olive  oil. 
Tallow. 

r  Lard  and  plum- 
\  bago. 
Olive  oil. 
Olive  oil. 
Tallow. 
Hog's  lard. 
Olive  oil. 
Tallow. 
Hog's  lard. 
Tallow. 
Olive  oil. 
r  Lard  and  plum* 
\  bago. 

r  Greased  and  sstu- 
\  rated  with  water. 


The  extent  of  the  surfaces  in  these  experiments  bore  such  a  relation  to  the  pres- 
sure as  to  cause  them  to  be  separated  from  one  another  throughout  by  an  inter- 
posed stratum  of  the  unguent 
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Tablb  oj  the  Results  of  Experiments  on  the  Friction  of  Chidgeons 
CT  Axkr-endsy  in  motion  upon  their  hearings.    By  M.  Morin. 


in  ConUct. 


SUto  of  the  SvTfkcM. 


Oo«ffloi«iit  of  Frietion. 


Cut  iron   axles    in 
cast  iron  bearings. 


Cast  iron  axles  in 
cast  iron  bearings. 

Wrought  iron  axles 
in  cast  iron  bear- 
ings. 

Wronght  iron  axles 
in  brass  bearings. 


Iron  axles  in  lignum 
▼itiD  bearings. 

Brass  axles  in  brass 
bearings. 


Coated  with  oil  of  oUyes,  ^ 
with  hog's  lard,  tallow,  >• 
and  soft  gome j 

With  the  same  and  water... 

Coated  with  asphaltum 

Greasy 

^Greasy  and  wetted. 

'Coated  with  oil  of  olives,  \ 
with  hog's  lard,  tallow,  v 
and  soft  gome j 

Greasy 

Greasy  and  damped 

Scarcely  greasy.... 
I '  Coated  with  oil  of  oUtcs, 
tallow,  hog's  lard,  or 
soft  gome 

Coated  with  oil  of  oliyes,  1 
hog's  lard,  or  taUow,    j 

Coated  with  hard  gome 

Greasy  and  wetted 

^Scarcely  greasy 

'  Coated  with  oil  or  hog's  \ 
lard / 

Greasy 

Coated  with  oil 

\  With  hog's  lard 


'} 


0-07  to  008 

0-08 
0-064 
014 
014 

007  to 0-08 

016 
016 
019 

0-07  to  0-08 


0-07  to  008 

0-09 
0-19 
0-26 
Oil 


019 
0-10 
009 


Table  of  Coefficients  of  Friction  under  Pressures  increased  continth 
ally  up  to  limits  of  Abrasion. 


StOtflllMlL 

CoolBeteiiti  of  Frictfon. 

Wrought  Iroa  upon 
WNocMImn. 

Wroaght  Iron  npon 

steel  upon  Cm* 
Iron. 

Bntfi  nponCui 
Iron. 

82-6  lbs. 

•140 

•174 

•166 

•157 

l-66cwt8. 

•250 

•276 

•800 

•226 

2-00 

•271 

•292 

•888 

•219 

2-33 

•286 

•821 

•840 

•214 

2-66 

•297 

•829 

•844 

•211 

800 

•812- 

•888 

•847 

•216 

8-88 

•860 

•861 

•861 

•206 

8-66 

•876 

•858 

•858 

•205 

400 

•396 

•866 

•864 

•208 

4-83 

•408 

•866 

•856 

•221 

4-66 

•409 

•866 

•867 

•228 

6-00 

•**••« 

•867 

•868 

•283 

6-88 

»••.*• 

•867 

•859 

•234 

6-66 

•867 

•867 

•286 

6-00 

•876 

•408 

•288 

e-ss 

••••«• 

•484 

•234 

6-66 

••••■• 

••«*.• 

•286 

7-00 

•282 

7-88 

•278 

2A 
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Comparative  friction  of  steam  engines  of  different  modifications, 
if  the  beam  engine  be  taken  as  the  standard  of  comparison  : — 

The  vibrating  engine has  a  gain  of  I'l  per  cent. 

The  direct-action  engine,  with  slides  —    loss  of  1-8     — 

Ditto,  with  rollers —    gainofO'8     — 

Ditto,  with  a  parallel  motion —    gain  of  1  -3     — 

Excessive  allowance  for  friction  has  hitherto  been  made  in  cal- 
culating the  effective  power  of  engines  in  general ;  as  it  is  found 
practically,  by  experiments,  that,  where  the  pressure  upon  the  pis- 
ton is  about  12  lbs.  per  square  inch,  the  friction  does  not  amount 
to  more  than  1^  lbs. ;  and  also  that,  by  experiments  with  an  indi- 
cator on  an  engine  of  50  horse  power,  the  whole  amount  of  friction 
did  not  exceed  5  horse  power,  or  one-tenth  of  the  whole  power  of 
the  engine. 

REGENT  EXPERIMENTS  MADE  BY  M.  MORIN  ON  THE  STIFFNESS  OP  ROPES, 
OR  THE  RESISTANCE  OF  ROPES  TO  BENDING  UPON  A  CIRCULAR  ARC. 

The  experiments  upon  which  the  rules  and  table  following  are 
founded  were  made  by  Coulomb,  with  an  apparatus  the  invention 
of  Amonton,  and  Coulomb  himself  deduced  from  them  the  follow- 
ing results  :-^ 

1.  That  the  resistance  to  bending  could  be  represented  by  an 
expression  consisting  of  two  terms,  the  one  constant  for  each  rope 
and  each  roller,  which  we  shall  designate  by  the  letter  A,  and 
which  this  philosopher  named  the  natural  stiffness,  because  it  de- 
pends on  the  mode  of  fabrication  of  the  rope,  and  the  degree  of 
tension  of  its  yams  and  strands ;  the  other,  proportional  to  the 
tension,  T,  of  the  end  of  the  rope  which  is  being  bent,  and  which 
is  expressed  by  the  product,  BT,  in  which  B  is  also  a  number 
constant  for  each  rope  and  each  roller. 

2.  That  the  resistance  to  bending  varied  inversely  as  the  diame- 
ter of  the  roller. 

Thus  the  complete  resistance  is  represented  by  the  expression 

A  +  BT 
D~"' 
where  D  represents  the  diameter  of  the  roller. 

Coulomb  supposed  that  for  tarred  ropej3  the  stiffness  was  pro- 
portional to  the  number  of  yarns,  and  M.  Navier  inferred,  from 
examination  of  Coulomb's  experiments,  that  the  coefBcients  A  and 
B  were  proportional  to  a  certain  power  of  the  diameter,  which  de- 
pended on  the  extent  to  which  the  cords  were  worn.  M.  Morin, 
however,  deems  this  hypothesis  inadmissible,  and  the  following  is 
an  extract  from  his  new  work,  "  Legons  de  Mdcanique  Pratique," 
December,  1846 : — 

^^  To  extend  the  results  of  the  experiments  of  Coulomb  to  ropes 
of  different  diameters  from  those  which  had  been  experimented 
upon,  M.  Navier  has  allowed,  very  explicitly,  what  Coulomb  had 
but  surmised :  that  the  coefficients,  A,  were  proportional  to  &  cer- 
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tain  power  of  the  diameter,  which  depended  on  the  state  of  wear 
of  the  ropes ;  hut  this  supposition  appears  to  us  neither  borne  out, 
nor  even  admissible,  for  it  would  lead  to  this  consequence,  that  a 
worn  rope  of  a  metre  diameter  would  have  the  same  stiffness  as  a 
new  rope,  which  is  evidently  wrong ;  and,  besides,  the  comparison 
alone  of  the  values  of  A  and  B  shows  that  the  power  to  which  the 
diameter  should  be  raised  would  not  be  the  same  for  the  two  terms 
of  the  resistance." 

Since,  then,  the  form  proposed  by  M.  Navier  for  the  expression 
of  the  resistance  of  ropes  to  bending  cannot  be  admitted,  it  is  ne- 
cessary to  search  for  another,  and  it  appears  natural  to  try  if  the 
factors  A  and  B  cannot  be  expressed  for  white  ropes,  simply  accord- 
ing to  the  number  of  yarns  in  the  ropes,  as  Coulomb  has  inferred 
for  tarred  ropes.  • 

Now,  dividing  the  values  of  A,  obtained  for  each  rope  ,by  M. 
Navier,  by  the  number  of  yarns,  we  find  for 

n  =  30  d  =  0'--200  A  =  0-222460  -  =  0-0074153. 

n 

.      n  =  15  rf  =  0»-144  A  =  0-063514  ~  =  0-0042343. 

n 


n  =  6  rf  =  0»-0088  A  =  0-010604  -  «  0-0017673. 

n 

It  is  seen  from  this  that  the  number  A  is  not  simply  propor- 
tional to  the  number  of  yarns. 

Comparing,  then,  the  values  of  the  ratio  —  corresponding   to 
the  three  ropes,  we  find  the  following  results : — 


Nvmber  of 
jmxmM, 

Values  of 
A 

yanii. 

Differenoes  of 

tho  Talnos  of 

A 

DIfferenMS  of 
the  ralaei  of 

—  for  eaeh 

Tarn  of 
dlfforeiiee. 

30 

15 

6 

0-0074153 
00042343 
00017673 

From  30  to  16.     15  yams 

—  15  to   6.      9    — 

—  30  to   6.     24    — 

0  0031810 
00024770 
0-0056400 

0000212 
0000272 
0-000252 

Mean  difference  per  yarn,  0-000245 

It  follows,  from  the  above,  that  the  values  of  A,  given  by  the 
experiments,  will  be  represented  with  sufficient  exactness  for  all 
practical  purposes  by  the  formula 

A  =  n  [0-0017673  +  0-000246  (n  —  6)]. 
=  n  [0-0002973  +  0-000245  w]. 

An  expression  relating  only  to  dry  white  ropes,  such  as  were  used 
by  Coulomb  in  his  experiments. 

With  regard  to  the  number  B,  it  appears  to  be  proportional  to 
the  number  of  yarns,  for  we  find  for 
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»  -  80  <2  -  0--0200  B  -  0-009738  ?  -  0-0003246 

„  «  16  d  -  0--0144   B  -  0005518  -  -  00003678 

n 

n  -    6  (2  -  0--0088   B  =  0-002380  -  =  0-0008967 

Mean 0-0003680 

Whence 

B  -  0-00086^3  n. 

Gonsequentlj,  the  results  of  the  experiments  of  Coulomb  on  dry 
white  ropes  will  be  represented  with  sufScient  exactness  for  prac- 
tical purposes  by  the  formula  • 

K  =  n  [0-000297  +  0-000245  n  +  0-000368  T]  kiL 
which  will  give  the  resistance  to  bending  upon  a  drum  of  a  metre 
in  diameter,  or  by  the  formula 

R  «  J  [0-000297  +  0-000245  n  +  0-000363  T]  kil. 

for  a  drum  of  diameter  D  metres. 

These  formulas,  transformed  into  the  American  scale  of  weights 
and  measures,  become 

R  =  n  [0-0021508  +  0-0017724  n  +  0-00119096  T]  lbs. 
for  a  drum  of  a  foot  in  diameter,  and 

R  «  5  [0-0021508  +  0-0017724  n  +  0.00119096  T]  lbs. 

for  a  drum  of  diameter  D  feet. 

With  respect  to  worn  ropes,  the  rule  given  by  M.  Navier  cannot 
be  admitted,  as  we  have  shown  above,  because  it  would  give  for  the 
stiffness  of  a  rope  of  a  diameter  equal  to  unity  the  same  stiffness 
as  for  a  new  rope. 

The  experiments  of  Coulomb  on  worn  ropes  not  being  sufficiently 
complete,  and  not  furnishing  any  precise  data,  it  is  not  possible, 
without  new  researches,  to  give  a  rule  for  calculating  the  stifihess 
of  these  ropes. 

TARRED  ROPES. 

In  reducing  the  results  of  the  experiments  of  Coulomb  on  tarred 
ropes,  as  we  have  done  for  white  ropes,  we  find  the  following 
values : — 

n  «  30  yams  A  -  0-34982        B  -  0-0125605 
n  =  15    —    A  -  0-106008      B  -  0-006037 
n  =    6    —    A  «  0-0212012    B  «  0-0025997 

which  differ  very  slightly  from  those  which  M.  Navier  has  given. 
But,  if  we  look  for  the  resistance  corresponding  to  each  yarn,  we 
find 
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n  =-  80  yarns     -  -  0-0116603     -  =  0-000418688 

»».15    _        -  =  0-0070662     5  =  0-000402466 
n  n 

n=    6        —    ^=.  0-0035835     ?  =  0-000433288 

Mean 0-000418144 

We  see  bj  this  that  the  yalue  of  B  is  for  tarred  ropes,  as  for 
white  ropeSy  sensibly  proportional  to  the  number  of  yarns,  but  it 
is  not  so  for  that  of  A,  as  M.  Navier  has  supposed. 

Comparing,  as  we  have  done  for  white  ropes,  the  values  of  -- 

corresponding  to  the  three  ropes  of  30,  15,  and  6  yarns,  we  obtain 
the  following  results : — 


HOBlWTOf 

jmriM. 

Vtlnwof 
A 

n  ' 

mff^raiMM  of  the  Humbw  «f 
yanu. 

DUhMBOMOf 

th«  TftlaM  of 
A 

n 

IHfferoiioai  of 
tlMTalnMor 

^ftroMh 

rwaof 

80 

15 

6 

0-0116608 
0-0070662 
0-0085885 

From  80  to  15.    15  yams 

—  15  to   6.      9    — 

—  60  to   6.    26    — 

00045941 
00085827 
0-0081268 

0-000806 
0-000892 
0000889 

Mean., 


.0-000846 


It  follows  from  this  that  the  value  of  A  can  be  represented  by 
the  formula 

A  «  w  rO-0036335  +  0-000346  (n  -  6)1 
=  n  [0-0014576  +  0-000346  w] 
and  the  whole  resistance  on  a  roller  of  diameter  D  metres,  by 

R  =  ^  [0-0014575  +  0-000846  n  +  0-000418144  T]  kil. 

Transforming  this  expression  to  the  American  scale  of  weights  and 
measures,  we  have 

R  =n  J  [0-01054412  +  0-00250309  n  +  0-001871889  T]  lbs. 

for  the  resistance  on  a  roller  of  diameter  D  feet. 

This  expression  is  exactly  of  the  same  form  as  that  which  relates 
to  white  ropes,  and  shows  that  the  stiffness  of  tarred  ropes  is  a  little 
greater  than  that  of  new  white  ropes. 

In  the  following  table,  the  diameters  corresponding  to  the  differ- 
ent numbers  of  yarns  are  calculated  from  the  data  of  Coulomb,  by 

the  formulas,  .  

d  cent.  =  \/0-1338  n  for  dry  white  ropes,  and 
d  cent.  »  ^0.186  n  for  tarred  ropes, 
which,  reduced  to  the  American  scale,  become 

d  inches  =  ^/0-020739  n  for  dry  white  ropes,  and 
d  inches  »  \/0*02883  for  tarred  ropes. 
2a2  20 


a^BNi 


S06 


THE  PBACTICAL  MODBL  CALOULATOR. 


Note.— The  diameter  of  the  rope  is  to  be  included  in  D ;  thug, 
with  an  inch  rope  passing  round  a  pullej,  8  inches  in  diameter  in 
the  groove,  the  diameter  of  the  roller  is  to  be  considered  as  9 
inches. 


1 

Dt7  White  RojNi. 

l^md  RepM. 

DiaB»l«. 

Value  »fflicHlanl 

ValMoftlMitiff. 
tothetiiD^ii,B. 

Diunatar. 

ValM  or  tba  Batumi 
atiAiaia.A. 

Valoeordttitii: 

to  tfaT talWM,  B. 

ft. 

Ibt. 

a 

lb«. 

0 

0<>293 

0-0767120 

0-0071467 

0-0347 

0-168876 

<H)0823133 

0 

OU)800 

0-1629234 

0-0107186 

0-0425 

0*2g7M7 

O-O1234700 

12 

0-0416 

0-28103S4 

0K)142915 

0-0490 

0-486076 

OK)lf:46aS7 

15 

0O466 

0-4310571 

0-0178644 

0-0548 

0-721857 

0^)2057894 

18 

0-0503 

0-6129795 

0-0214373 

0-0600 

0H)00795 

OH>2469400 

21 

0K>650 

0-8268054 

0O260102 

0-0618 

1-325289 

0-02880967 

24 

0H)688 

1.0725350 

00285831 

o-oooa 

1-694830 

0-03292534 

27 

0-0822 

1-3501682 

0-0321569 

0-0735 

2109444 

0^)3704100 

30 

0H)057 

1*6697051 

0-0367288 

0-0775 

2-669105 

OKM1156C7 

S3 

0<M»9 

2-0011456 

0-0393017 

0K)813 

8K)7382I 

0-04527-2U 

30 

(M)720 

2-3744897 

00428746 

0-0849 

8-623503 

OH>4038S00 

30 

0-0749 

2-7797376 

0-0464476 

6-0884 

4*218416 

0-053503»7 

42 

00778 

a-2168888 

0-0500203 

o-wn 

4-858304 

0^)5761834 

45 

0O805 

8-6859438 

0-0535932 

0-O949 

5-543242 

OK)6173501 

48 

0-0831 

4-166902* 

0O571661 

0-0980 

6-273-iS7 

OK)6585067 

51 

0-0867 

4-7197647 

0^)607300 

O-IOIO 

7-048287 

0^)6996634 

54 

0-0882 

6-2845306 

0-0643119 

0-1040 

7-868393 

O-O7408201 

67 

0-0908 

6-8812001 

0-067  S847 

0-1070 

8-733554 

OK>7819767 

60 

0-0926 

65097733 
r    0-0021508n 

0-0714576 

0-1099 

9M3-71 
C    0K)1064412f» 

0-08:313» 

n 

yO<XXl*4n 

|-HH)017724nJ- 

0-00110090n 

yo-00020n 

0-00137188911 

Application  of  the  preceding  Tables  or  Formulas, 
To  find  the  stiffness  of  a  rope  of  a  given  diameter  or  number  of 
jarnSy  we  must  first  ^obtain  from  the  table,  or  by  the  formulas,  the 
values  of  the  quantities  A  and  B  corresponding  to  these  given 
quantities,  and  knowing  the  tension,  T,  of  the  end  to  be  wound 
up,  we  shaU  have  its  resistance  to  bending  on  a  drum  of  a  foot  in 
diameter,  by  the  formula 

R  =  A  +  BT. 
Then,  dividing  this  quantity  by  the  diameter  of  the  roller  or 
pulley  round  which  the  rope  is  actually  to  be  bent,  we  shall  have 
the  resistance  to  bending  on  this  roller. 

What  is  the  stiffness  of  a  dry  white  rope,  in  good  condition,  of 
60  yams,  or  -0928  diameter,  which  passes  over  a  pulley  of  6  inches 
diameter  in  the  groove,  under  a  tension  of  1000  lbs.  ?  The  table 
gives  for  a  dry  white  rope  of  60  yams,  in  good  condition,  bent 
upon  a  drum  of  a  foot  in  diameter, 

A  =  0-50977    B«  0-0714576 
aod  we  have  D  =  0*5  +  0-0928 ;  and  consequently. 


R  = 


6-50977  +  0-0714576  x  1000 


128  lbs. 


0-6928 

The  whole  resistance  to  be  overcome,  not  including  the  friction 
on  the  axis,  is  then 

Q  +  R  =  1000  +  128  =  1128  lbs. 
The  stiffness  in  this  case  augments  the  resistance  by  more  than 
one-eighth  of  its  value. 
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Further  recent  experiments  made  bt  m.  morin,  on  the  trao- 
tion  of  carriages;  and  the  de8tructivb  effects  which  thet 
produce  upon  the  roads. 

The  fltndy  of  the  effects  which  are  produced  when  a  carriage  is 
set  in  motion  can  be  divided  into  two  distinct  parts :  the  traction 
of  carriages,  properly  so  called,  and  their  action  npon  the  roads. 

The  researches  relative  to  the  traction  of  carriages  have  for  their 
object  to  determine  the  magnitude  of  the  effort  that  the  motive 
power  ought  to  exercise  according  to  the  weight  of  the  load,  to  the 
diameter  and  breadth  of  the  wheels,  to  the  velocity  of  the  carriage, 
and  to  the  state  of  repair  and  nature  of  the  roads. 

The  first  experiments  on  the  resistance  that  cylindrical  bodies 
offer  to  being  rolled  on  a  level  surface  are  due  to  Coulomb,  who 
determined  the  resistance  offered  by  rollers  of  lignum  vitsd  and 
elm,  on  plane  oak  surfaces  placed  horizontally. 

His  experiments  showed  that  the  resistance  was  directly  propor- 
tional to  the  pressure,  and  inversely  proportional  to  the  diameter 
of  the  rollers. 

If,  then,  P  represent  the  pressure,  and  r  the  radius  of  the  roller, 
the  resistance  to  rolling,  R,  could,  according  to  the  laws  of  Cou- 
lomb, be  expressed  by  the  formula 

r 
in  which  A  would  be  a  number,  constant  for  each  kind  of  ground, 
but  varying  with  different  kinds,  and  with  the  state  of  their 
surfaces. 

The  results  of  experiments  made  at  Yincennes  show  that  the 
law  of  Coulomb  is  approximately  correct,  but  that  the  resistance 
increases  as  the  width  of  the  parts  in  contact  diminishes. 

Other  experiments  of  the  same  nature  have  confirmed  these  con- 
clusions ;  and  we  may  allow,  at  least,  as  a  law  sufficiently  exact 
for  practical  purposes,  that  for  woods,  plasters,  leather,  and  gene^ 
rally  for  hard  bodies,  the  resistance  to  rolling  is  nearly-7 

1st.  Proportional  to  the  pressure.  , 

2d.    Inversely  proportional  to  the  diameter  of  the  wheels. 

8d.    Greater  as  the  breadth  of  the  zone  in  contact  is  smaller. 

EXPERIMENTS  UPON  CARRIAGES  TRAVELLING  ON  ORDINARY  ROADS. 

These  experiments  were  not  considered  sufficient  to  authorize 
the  extension  of  the  foregoing  conclusions  to  the  motion  of  car- 
riages on  ordinary  roads.  It  was  necessary  to  operate  directlv  on 
the  carriages  themselves,  and  in  the  usual  circumstances  in  which 
they  are  placed.  Experiments  on  this  subject  were  therefore  un- 
dertaken, first  at  Metz,  in  1837  and  1838,  and  afterwards  at  Cour- 
bevoie,  in  1839  and  1841,  with  carriages  of  every  species ;  and 
attention  was  directed  separately  to  the  influence  upon  the  magni- 
tude of  the  traction,  of  the  pressure,  of  the  diameter  of  the  wheels, 
of  their  breadth,  of  the  speed,  and  of  the  state  of  the  grouni- 

In  heavily  laden  carriages,  which  it  is  most  important  to  take 
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into  consideration,  the  weight  of  the  wheels  may  be  neglected  in 
comparison  with  the  total  load ;  and  the  relation  between  the  load 
and  the  traction,  upon  a  level  road,  is  approximately  given  by  the 
-equation — 

F.     2(A  x>,)^ 

p-=  : — ^  ^  ^/   for  carnages  with  four  wheels, 

F*     Ax>, 


and         =5-*— 


for  carriages  with  two  wheels, 


in  which  F^  represents  the  horizontal  component  pf  the  traction ; 
P^  the  total  pressure  on  the  ground ; 
/  and  r"  the  radii  of  the  fore  and  hind  wheels ; 
r^  the  mean  radius  of  the  boxes ; 
/  the  coefficient  of  friction ; 
and  A  the  constant  multiplier  in  Coulomb's  formula  for  the 
resistance  to  rolling. 

These  expressions  will  serve  us  hereafter  to  determine,  by  aid  of 
experiment,  the  ratio  of  the  traction  to  the  loa4  for  the  most  usual 
cases. 

Infliience  of  ike  Pressure. 

To  observe  the  influence  of  the  pressure  upon  the  resistance  to 
rolling,  the  same  carriages  were  made  to  pass  with  different  loads 
over  me  same  road  in  the  same  state. 

The  results  of  some  of  these  experiments,  made  at  a  walking  pace^ 
are  given  in  the  following  table : — 


■  ■■  ■ 

Butioortht 

CiRlacw  aovlojed. 

BiMdto»T«rMd. 

Ttmen. 

TxMtloa. 

tneklMto 

UiafcMiL 

UL 

kil. 

CSiariotporteoorps 

Road  from  Courbe- 

6992 

180-71 

1/88-6 

d'amUerie. 

Toie  to  Colomber, 

6140 

159-9 

1/39-2 

• 

dry,  in  good  re- 
pair, dusty. 

4580 

118-7 

1/40-2 

Chariot  d«rou1age, 

Bead  from  Courbe- 

7126 

188-9 

1/51-8 

without  springs. 

yoie    to    Besous, 

5458 

115-5 

1/48-9 

solid,  *hard  gra- 

4450 

93-2 

1/47-7 

Tel,  yery  dry. 

8480 

68-4 

1/50-2 

Chariot  de  roolagey 

Road  from  Colomber 

1600 

89-8 

1/40-8 

with  springs. 

to       Courbevoie, 

8292 

89-2 

1/36-9 

pitched,  in  ordina- 

4996 

136-0    ^ 

1/36-8 

ry  repair,  f  muddy 

Carriages  with  six 

Road  from  Courbe- 

8000 

188-9 

1/21-6 

'       equal  wheels. 

Toie  to  Colomber, 

4692 

2240 

1/21-0 

Two  carriages  with 

deep    ruts,    with 

6000 

285-8 

1/21-0 

six  equal  wheels. 

muddy  detritus. 

6000 

286-7 

1/21-0 

hooked   on,  one 

behind  the  other. 

From  the  examination  of  this  table,  it  appears  that  on  ^solid 
^avel  and  on  pitched  roads  the  resistance  of  carriages  to  traction 
IS  sensibly  proportional  to  the  pressure. 

*  £n  graTier  dur.       f  Pay^  en  ^tat  ordinaire.       %  Bn  empierrement  solid*. 
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We  remark  that  the  experiments  made  upon  one  and  upon  tVo 
six-Tfheeled  carriages  have  given  the  same  traction  for  a  load  of 
6000  kilogrammes,  including  the  vehicle,  whether  it  was  borne 
upon  one  carriage  or  upon  two.  It  follows  thence  that  the  tracr- 
tion  is,  eaeteris  paribus  and  between  certain  limits,  independent  oJF 
the  number  of  wheels. 

Influence  of  the  Diameter  of  the  Wheels. 

To  observe  the  influence  of  the  diameter  of  the  wheels  on  the 
traction,  carriages  loaded  with  the  same  weights,  having  wheels 
with  tires  of  the  same  width,  and  of  which  the  diameters  only  were 
varied  between  very  extended  limits,  were  made  to  traverse  the 
same  parts  of  roads  in  the  same  state.  Some  of  the  results  obtained 
are  given  in  the  following  table. 

These  examples  show  that  on  solid  roads  it  may  be  admitted  as 
a  practical  law  that  the  traction  is  inversely  proportional  to  the 
diameters  of  the  wheels. 


Bind 
vhccla 
ir" 


laclUhfceC. 


n 


muoi^ 


tetto 


porte 


Cbtfiot 

«OTp« 

l«ri«. 


Porte  eomd'ar- 
tiUerie. 

Chariot  oomtois. 
A    atz-wheeled 

e«rria(se. 
Xbe  «un«  wltli 

Iburwbeels. 
Ouslon. 


Road  from  GouT" 
beToletoCoIom- 
^r,  Holid  gn- 
•el,diu^. 


tPitehed  i»Te- 
-  ment  of  Fod- 


2020 
1-458 
0-872 

2-029 
1-453 

1110 

0-860 

0-860 


2-020 
1-453 

0-872 

2-020 
1-453 

1-868 

0-860 

0-860 


6-667 
4-767 
2-861 

6-667 
4-767 

3-642 

2-822 


0-692!  0-660 
0-420|0'597 


1042 
1-878 


6-667 
4-767 
2861 

6-667 
4-767 

4-466 

2-822 

2-822 
2166 
1-060 


4»2S 
4930 
4024 

4092 
4694 

1871 

3270 

8270 
1500 
1600 


81-6 
108-6 
170-0 

61-45 
71-46 

82-10 

81-06 

78-80 
52-30 
68-20 


1/60- 

V45-6 

V27-4 

1/00-46 
1/64-3 

V68-4 

1/40-4 

U41-6 
1/28-8 
1/22-4 


72-0 
04-2 
168-7 

43-46 
68-26 

37-40 

7186 


0K)148 
0-0189 
0-0187 


0*04866 
004660 
0-04494 


0H)093  0-03018 
0-0002  0-03018 


0-0069 


0-02920 


0-0004  0-08084 


60-10  OKXWl 
43-50  0-0091 
66-60  0HH)89 


0-02986 
0-02986 
0-02020 


Influence  of  the  Width  of  the  Felloes. 

Experiments  made  upon  wheels  of  different  breadths,  having  the 
same  diameter,  show,  1st,  tkat  on  soft  ground  the  resistance  to 
rolling  increases  as  the  width  of  the  felloe ;  2dly,  on  solid  gravel 
and  pitched  roads,  the  resistance  is  very  nearly  independent  of  the 
width  of  the  felloe. 

Influence  of  the  Velocity. 

To  investigate  the  influence  of  the  velocity  on  the  traction  of 
carriages,  the  same  carriages  were  made  to  traverse  different  roads 
in  various  conditions ;  and  in  each  series  of  experiments  the  velo- 
cities, while  all  other  circumstances  remained  the  same,  underwent 
Buceesaive  changes  from  a  walk  to  a  canter. 

Some  of  the  results  of  these  experiments  are  given  in  the  follow- 
ing table : — 


*  Empierrement  BoUde. 


f  PftT^  en  grte. 
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Ground  pasMd  orer. 

LMui. 

Fftoe. 

Bate  of 
.peed, 

in  miles, 
per 
hoar. 

Trw- 
tioa. 

Batie 
oftbe 
irmetiao 
to  the 
loed. 

Apparatus  upon  a 
brass  shaft 

A  sixteen-ponnder 
carriage      and 
piece. 

Chariot  des  Mes- 
sageries,     sus- 
pended upon  six 
springs. 

Ground  of  the  po- 
lygon at  Metz, 
wet  and  soft. 

Boad  from  Metz 
to  Montigny, 
solid  gravel, 
yery  even  and 
very  dry. 

Pitched  road  of 
Fontainebleau. 

kii. 
1042 

1335 
3750 

8288 
8358 

Walk. 

Trot 

Walk 

Trot 

mile*. 

8-13 
6-26 

2-860 
7-660 
2-820 
8-400 
5-480 
8-450 

2-770 

3-82 
5-28 
806 

UL 

165-0 
168-0 

215-0 
197-0 

92- 

92- 
102- 
121- 

144- 

153- 
161- 
188-5 

l,«-82 
1/6-2 

1/6-21 
1/6-78 
1/40-8 
1/40-8 
1/36-8 
1,^1- 

1/22-8 

l/'21-9 
1/20-8 
1/18-3 

Walk 

♦Brisk  walk 
Trot 

fCanter 

Walk 

♦Brisk  walk 
Trot 

JBrisk  trot. 

We  see,  by  these  examples,  that  the  traction  undergoes  no  sen- 
sible augmentation  with  the  increase  of  velocity  on  soft  grounds ; 
but  that  on  solid  and  uneven  roads  it  increases  with  an  increase  of 
Telocity,  and  in  a  greater  degree  as  the  ground  is  more  uneven,  and 
the  carriage  has  less  spring. 

To  find  the  relation  between  the  resistance  to  rolling  and  the  ve- 
locity, the  velocities  were  set  o£f  as  abscissas,  and  the  values  of  A 
furnished  by  the  experiments,  as  ordinates ;  and  the  points  thus 
determined  were,  for  each  series  of  experiments,  ^tuated  very 
nearly  upon  a  straight  line.  The  value  of  A,  then,  can  be  repre- 
sented by  the  expression,  t 

A=a-f-i(V-2) 
in  which  a  is  a  number  constant  for  each  particular  state  of  each 
kind  of  ground,  and  which  expresses  the  value  of  the  number  A  for 
the  velocity,  V  =  2  miles,  (per  hour,)  which  is  that  of  a  very  slow 
walk. 

df  a  factor  constant  for  each  kind  of  ground  and  each  sort  of 
carriage. 

The  results  of  experiments  made  with  a  carriage  of  a  siege  train, 
with  its  piece,  gave,  on  the  Montigny  road,  §  very  good  solid  gravel, — 

A  =  0-03215  X  0-00295  (V  -  2). 

On  the  llpitched  road  of  Metz,  A  =  0-01936  X  0-08200  (V  —  2). 

These  examples  are  suflBcient  to  show — 

1st.  That,  at  a  walk,  the  resistance  on  a  good  pitched  road  is 
less  than  that  on  very  good  solid  gravel,  very  dry. 

2d.  That,  at  high  speeds,  the  resistance  on  the  pitched  road  in- 
creases very  rapidly  with  the  velocity. 

On  rough  roads  the  resistance  increases  with  the  velocity  much 
more  slowly,  however,  for  carriages  with  springs. 


*  Pas  allonge.  f  Grand  trot  J  Trot  allong^. 

{  En  tr^s  bon  empierrement  ||  Pay^  en  gr^s  de  Bieaok. 
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ThoSy  for  a  chariot  des  Messageries  G^n^rales,  on  a  pitched  road, 
the  experiments  gave  A  =  0-0117  x  0-00361  (V  —  2) ;  while,  with 
the  springs  wedged  so  as  to  prevent  their  action,  the  experiments 
gave,  for  the  same  carriage,  on  a  similar  road,  A  »  0*02723  X 
0'01312  (V  —  2).  At  a  speed  of  nine  miles  per  hour,  the  springs 
diminish  the  resistance  by  one-half. 

The  experiments  further  showed  that,  while  the  pitched  road  was 
inferior  to  a  '''solid  gravel  road  when  dry  and  in  good  repair,  the 
latter  lost  its  superiority  when  muddy  or  out  of  repair. 

INIXUENGE  OF  THE  INCLINATION  OF  THE  TRACES. 

The  inclination  of  tl^e  traces,  to  produce  the  maximum  effect,  is 
given  by  the  expression — 

Ax  0-96// 

in  which  h  =  the  height  of  the  fore  extremity  of  the  trace'  above 
the  point  where  it  is  attached  to  the  carriage ;  b  =  the  horizontal 
distance  between  these  two  points,  r^  is  the  radius  of  interior  of 
the  boxes,  and  r  the  radius  of  the  wheel. 

The  inclination  given  by  this  expression  for  ordinary  carriages 
is  very  small ;  and  for  trucks  with  wheels  of  small  diameter  it  is 
much  less  than  the  construction  generally  permits. 

It  follows,  from  the  preceding  remarks,  that  it  is  advantageous 
to  employ,  for  all  carriages,  wheels  of  as  large  a  diameter  as  can 
be  used,  without  interfering  with  the  other  essentials  to  the  pur- 
poses to  which  they  are  to  bo  adapted.  Carts  have,  in  this  respect, 
the  advantage  over  wagons ;  but,  on  the  other  hand,  on  rough  roads, 
the  thill  horse,  jerked  about  by  the  shafts,  is  soon  fatigued.  Now, 
by  bringing  the  hind  wheels  as  far  forward  as  possible,  and  placing 
the  load  nearly  over  them,  the  wagon  is,  in  effect,  transformed  into 
a  cart ;  only  care  must  be  taken  to  place  the  centre  of  gravity  of 
the  load  so  far  in  front  of  the  hind  wheels  that  the  wagon  may  not 
turn  over  in  going  up  hill. 

ON  THE  DBSTRUCnVB  EFFECTS  PRODUCED  BY  CARRIAGES  ON  THE  ROADS. 

If  we  take  stones  of  mean  diameter  from  2f  to  3^  inches,  and, 
on  a  road  slightly  moist  and  soft,  place  them  first  under  the  small 
wheels  of  a  diligence,  and  then  under  the  large  wheels,  we  find  that, 
in  the  former  case,  the  stones,  pushed  forward  by  the  small  wheels, 
penetrate  the  surface,  ploughing  and  tearing  it  up ;  while  in  the 
latter,  being  merely  pressed  and  leant  upon  by  the  large  wheels, 
they  undergo  no  displacement. 

From  this  simple  experiment  we  are  enabled  to  conclude  that 
the  wear  of  the  roads  by  the  wheels  of  carriages  is  greater  the 
smaller  the  diameter  of  the  wheels. 

Experiments  having  proved  that  on  hard  grounds  the  traction 
was  but  slightly  increased  when  the  breadths  of  the  wheels  was 

*  £n  empierrement. 
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diminished,  we  might  also  conclude  that  the  wear  of  the  road  would 
be  but  slightly  increased  by  diminishing  the  width  of  the  felloes. 

Lastly,  the  resistance  to  rolling  increasing  with  the  velocity,  it 
was  natural  to  think  that  carriages  going  at  a  trot  would  do  more 
injury  to  the  roads  than  those  going  at  a  walk.  But  springs,  by 
diminishing  the  intensity  of  the  impacts,  are  able  to  compensate, 
in  certain  proportions,  for  the  effects  of  the  velocity. 

Experiments,  made  upon  a  grand  scale,  and  having  for  their 
object  to  observe  directly  the  destructive  effects  of  carriages  upon 
the  roads,  have  confirmed  these  conclusions. 

These  experiments  showed  that  with  equal  loads,  on  a  solid  gra- 
vel road,  wheels  of  two  inches  breadth  produced  considerably  more 
wear  than  those  of  4^  inches,  but  that  beyond  the  latter  width  there 
was  scarcely  any  advantage,  so  far  as  the  preservation  of  the  road 
was  concerned,  in  increasing  the  size  of  the  tire  of  the  wheel. 

Experiments  made  with  wheels  of  the  same  breadth,  and  of  dia- 
meters of  2-86  ft.,  4-77  ft.,  and  6-69  ft.,  showed  that  after  the 
carriage  of  10018*2  tons,  over  tracks  218*72  yards  long,  the  track 
passed  over  by  the  carriage  with  the  smallest  wheels  was  by  far 
the  most  worn ;  while,  on  that  passed  over  by  the  carriage  with 
the  wheels  of  6*69  ft.  diameter,  the  wear  was  scarcely  perceptible. 

Experiments  made  upon  two  wagons  exactly  similar  in  all  other 
respects,  but  one  with  and  one  without  springs,  showed  that  the 
wear  of  the  roads,  as  well  as  th^  increase  of  traction,  after  the 
passage  of  4577*36  tons  over  the  same  track,  was  sensibly  the  same 
for  the  carriage  without  springs,  going  at  a  walk  of  from  2*237  to 
2*684  miles  per  hour,  and  for  that  with  springs,  going  at  a  trot  of 
from  7*168  to  8*053  miles  per  hour. 


HTBBAinJCS. 

THE  DISCHARGE  OF  WATER  BT  SIMPLE  ORIFICES  AND  TUBES. 

The  formulas  for  finding  the  quantities  of  water  discharged  in  a 
given  time  are  of  an  extensive  and  complicated  nature.  The  more 
important  and  practical  results  are  given  in  the  following  Dedno- 
tions. 

When  an  aperture  is  made  in  the  bottom  or  side  of  a  vessel  con- 
taining water  or  other  homogeneous  fluid,  the  whole  of  the  particles 
of  fluid  in  the  vessel  will  descend  in  lines  nearly  vertical,  until  they 
arrive  within  three  or  four  inches  of  the  place  of  discharge,  when 
they  will  acquire  a  direction  more  or  less  oblique,  and  flow  directly 
towards  the  orifice. 

The  particles,  however,  that  are  immediately  over  the  orifice,  de- 
scend vertically  through  the  whole  distance,  while  those  nearer  to 
the  sides  of  the  vessel,  diverted  into  a  direction  more  or  less  obliqne 
as  they  approach  the  orifice,  move  with  a  less  velocity  than  the 
former ;  and  thus  it  is  that  there  is  produced  a  contraction  in  the 
size  of  the  stream  immediately  beyond  the  opening,  designated  the 
vena  contracUiy  and  bearing  a  proportion  to  that  of  the  orifice  of 
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about  5  to  8,  if  it  pass  tlirottgh  a  thin  plate,  o)r  of  6  to  8,  if  through 
a  short  cylindrical  tube.  But  if  the  tube  be  conical  to  a  length 
equal  to  half  its  larger  diameter,  having  the  issuing  diameter  less 
than  the  entering  diameter  in  the  proportion  of  26  to  88,  the  stream 
does  not  become  contracted. 

If  the  vessel  be  kept  constantly  full,  there  will  flow  from  the 
aperture  twice  the  quantity  that  the  vessel  is  capable  of  contain- 
ing, in  the  same  time  in  which  it  would  have  emptied  itself  if  not 
kept  supplied. 

1.  How  many  horse-power  (H.  P.)  is  required  to  raise  6000 
cubic  feet  of  water  the  hour  from  a  depth  of  300  feet? 

A  cubic  foot  of  water  weighs  62*5  lbs.  avoirdupois. 

6000  X  62-5 

QQ ««  6260,  the  weight  of  water  raised  a  minute. 

6250  X  800  «  1876000,  the  units  of  work  each  minute. 

_      1875000 

Then    qqqqq    =  56*818  =  the  horse-power  required. 

2.  What  quantity  of  water  may  be  discharged  through  a  cylin- 
drical mouth-piece  2  inches  in  diameter,  under  a  head  of  25  feet  ? 

2        1 

22  **  "g*  <>f  *  footj  •'•  *ho  area  of  the   cross  section  of  the 

mouth-piece,  in  feet,  is  g  x  g  x  '7854  =«  -021816. 


Theory  gives  *021816  \/2  g  X  25  the  cubic  feet  discharged  each 
second;  but  experiments  show  that  the  effective  discharge  is  97  per 
cent,  of  this  theoretical  quantity :  g  »  82*2. 

Hence,  -97  x  -021816  v^64-4  x  25  «  -84912,  the  cubic  feet 
discharged  each  second. 

•84912  X  62-5  «  58*0688  lbs.  of  water  discharged  each  second. 

Effluent  water  produces,  by  its  vw  vtva,  about  6  per  cent,  less  me-' 
chanical  effect  than  does  its  weight  by  falling  from  the  height  of 
the  head. 

3.  What  quantity  of  water  flows  through  a  circular  orifice  in  a 
thin  horizontal  plate,  3  inches  in  diameter,  under  a  head  of  49  feet  ? 

Taking  the  contraction  of  the  fluid  vein  into  account,  the  velo- 
city of  the  discharge  is  about  97  per  cent,  of  that  given  by  theory. 

The  theoretic  velocity  is  s/2g  x  49  «  7  v^644  «  56*21. 
•97  X  56*21  «  54*523  =  the  velocity  of  the  discharge'. 
The  area  of  the  transverse  section  of  the  contracted  vein  is  -64 
of  the  transverse  section  of  the  orifice. 

3       1 

—  ^^^  -25,  and  (*25)«  X  *7854  =  *0490875  =  area  of  orifice. 

.-.  '64  X  -0490875  =  *031416,  the  area  of  the  transverse  section 
of  the  contracted  vein. 
2B 
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Hence,  54-523  x  -081416  «  1-7129,  the  cubic  feet  of  water 
discharged  each  second.  The  later  experiments  of  Poncelet, 
Bidone,  and  Lesbros  give  '563  for  the  coefficient  of  contraction. 
Water  issuing  through  lesser  orifices  give  greater  coefficients  of 
contraction,  and  become  greater  for  elongated  rectangles,  than  for 
those  which  approach  the  form  of  a  square. 

Observations  show  that  the  result  above  obtained  is  too  great; 
A  of  this  result  are  found  to  be  ver j  near  the  truth. 

^  of  1-7129  -  1-0541. 

4.  What  quantity  of  water  flows  through  a  rectangular  aperture 
7*87  inches  broad,  and  3*94  inches  deep,  the  surface  of  the  water 
being  5  feet  above  the  upper  edge ;  the  plate  through  which  the 
water  flows  being  -125  of  an  inch  thick. 

7*87 

-—^  SB  -65583,  decimal  of  a  foot. 

3-94 

"12"  **  '32883,  decimal  of  a  foot. 

5'  and  5*32833  are  the  heads  of  water  above  the  uppermost  and 
lowest  horizontal  surfaces. 

The  theoretical  discharge  will  be 

I  X  -65588  •27"((5-328)*  -  (5)*)  -  3-9268  cubic  feet. 

Table  I.  gives  the  coefficient  of  efflux  in  this  case,  -615,  which 
is  found  opposite  5  feet  and  under  4  inches ;  for  3*94  is  nearly 
equal  4. 

3-9268  X  -615  «  2*415  cubic  feet,  the  effective  discharge. 

5.  What  water  is  discharged  through  a  rectangular  orifice  in  a 
thin  plate  6  inches  broad,  3  inches  deep,  under  a  head  of  9  feet 
measured  directly  over  the  orifice  ? 

6 

j2  ■*  '5,  decimal  of  a  foot. 

8 

j2  ■=*  '25,  decimal  of  a  foot. 

The  theoretical  discharge  will  be 

Table  II.  gives  the  coefficient  of  efflux  between  -604  and  -606; 
we  shall  take  it  at  -605,  then 

3*033  X  '605  =  1-833  cubic  feet,  the  effective  discharge. 

6.  A  weir  -82  feet  broad,  and  4-92  feet  head  of  water,  how  many 
cubic  feet  are  discharged  each  second  ? 

The  quantity  will  be 

e  X  -82  v/%~(f92p;  g  »  32*2; 


o  X  -5  v/2(7  I  (9*25)*  -  (9)*  }  «  3*033  cubic  feet. 
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Table  I. — The  Coefficients  for  the  Efflux  through  rectangular  ori- 
fices in  a  thin  vertical  plate.  TJie  heads  are  measured  where  the 
water  may  he  considered  still. 
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•4 

•588 
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•5 
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•6 
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•609 

•624 
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•7 
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•659 

•8 

•597 

•618 
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•632 
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•656 

•9 

•598 

•615 

•627 

•681 

•645 

•658 

10 
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•628 
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•644 

•650 

20 
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8-0 
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40 
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50 
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•621 

•630 
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60 
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70 
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•616 
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•617 
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90 

•600 
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•609 

•610 

•614 

•618 

100 

•600 
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•608 
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•609 

Tablb  n. — The  Coefficients  for  the  Efflux  through  rectangular  ori- 
fices in  a  thin  vertical  plate^  the  heads  of  water  being  measured 
directly  over  the  orifice. 
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e  is  termed  the  coefficient  of  efflax,  and  on  an  average  may  be  taken 
at  '4.     It  is  found  to  vary  from  '385  to  '444. 

Then  -4  x  -82  •(64-4)  (4-92p  =  2-670038,  the  cubic  feet  dis- 
charged each  second. 

7.  What  breadth  must  be  given  to  a  notch,  in  a  thin  plate,  with 
a  head  of  water  of  9  iflches^  to  allow  10  cubic  feet  to  flow  each 
second  f 

The  breadth  will  be  represented  by 

' :-z^-z^= =s    ---r-  a  4*7963  fcCt 

c  y/2g  X  (-75)^       -4  X  •64-4  X  (-75)^ 

Changes  in  the  coefficients  of  efflux  through  convergent  sides 
often  present  themselves  in  practice  :  they  occur  in  dams  which  are 
inclined  to  the  horizon. 

Poncelet  found  the  coefficient  *8,  when  the  board  was  inclined 
45°,  and  the  coefficient  '74  for  an  inclination  of  63°  34',  that  is 
for  a  slope  of  1  for  a  base,  and  2  for  a  perpendicular. 

8.  If  a  sluice  board,  inclined  at  an  angle  of  50°,  which  goes 
across  a  channel  2*25  feet  broad,  is  drawn  out  *5  feet,  what  quan- 
tity of  water  will  be  discharged,  the  surface  of  the  water  standmg 
4*  feet  above  the  surface  of  the  channel,  and  the  coefficient  of  efflux 
taken  at  -78  ? 

The  height  of  the  aperture  =  -5  sin.  50°  =-  -3830222 ;  4*  and 
4*  —  -3830222  =  3-6169778,  are  the  heads  of  water. 

\  .-.  |x  2*25  X  -78  X  •%  {(4)*  -  (3-617)H  «  10*5257  cu- 
bic feet,  the  quaiitity  discharged. 

The  calculations  just  made  appertain  to  those  cases  where  the 
water  flows  from  all  sides  towards  the  aperture,  and  forms  a  con- 
tracted vein  on  every  side.  We  shall  next  calculate  in  cases  where 
the  water  flows  from  one  or  more  sides  to  the  aperture,  and  hence 
produces  a  stream  only  a 
partially  contracted,     m, 


w,  Oy  p. 


are  four  orifices  in        I 


the  bottom  ABCD  of  a 
vessel ;  the  contraction  by 
efflux  through  the  orifice 
0,  in  the  middle  of  the  bot- 
tom, is  general,  as  the  water 
can  flow  to  it  from  all 
sides;  the  contraction  c 
from  the  efflux  through  m,  n,  j?,  is  partial,  as  the  water  can  only 
flow  to  them  from  one,  two,  or  three  sides.  Partial  contraction 
gives  an  oblique  direction  to  the  stream,  and  increases  the  quantity 
discharged. 

9.  What  quantity  of  water  is  delivered  through  a  flow  4  feet 
broad,  and  1  foot  deep,  vertical  aperture,  at  a  pressure  of  2  feet 
above  the  upper  edge,  supposing  the  lower  edge  to  coincide  with 
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the  lower  side  of  the  channel,  so  that  there  is  no  contraction  at  the 
bottom  ? 
The  theoretical  discharge  will  be 

I  X  J  X  v^%  I  (8)*  -  (2)'  }  «  O0-668  cubic  feet. 

The  coefficient  of  contraction  given  in  the  table  page  815,  maj 
U  taken  at  -608. 

L-'Oomparisan  of  the  TAearetical  with  the  Real  Dischargeifram,  an 

Orifice. 
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IL-i 


Oamparison  of  the  Theoretical  with  the  Real  Dischargee  from 
a  Tube. 
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THE    DISCHARGE    BY  DIFFERENT    APERTURES    AND    TUBES,   UNDER   DIF- 
FERENT  HEADS  OP  WATER. 

The  velocity  of  water  flowing  out  of  a  horizontal  aperturcy  is  a» 
the  sqtiare  root  of  the  height  of  the  head  of  the  water. — That  is,  the 
pressure,  and  consequently  the  height,  is  as  the  square  of  the  ye- 
locitj ;  for,  the  quantity  flowing  out  in  any  short  time  is  as  the 
velocity ;  and  the  force  required  to  produce  a  velocity  in  a  certain 
quantity  of  matter  in  a  given  time  is  also  as  that  velocity ;  there- 
fore, the  force  must  be  as  the  square  of  the  velocity. 

Or,  supposing  a  very  small  cylindrical  plate  of  water,  imme- 
diately over  the  orifice,  to  be  put  in  motion  at  each  instant,  by  the 
pressure  of  the  whole  cylinder  upon  it,  employed  only  in  generat- 
ing its  velocity ;  this  plate  would  be  urged  by  a  force  as  much 
greater  than  its  own  weight  as  the  column  is  higher  than  itself, 
through  a  space  shorter  in  the  same  proportion  than  that  height 
But  where  the  forces  are  inversely  as  the  spaces  described,  the 
final  velocities  are  equal.  Therefore,  the  velocity  of  the  water 
flowing  out  must  be  equal  to  that  of  a  heavy  body  falling  from  the 
height  of  the  head  of  water ;  which  is  found,  very  nearly,  by  mul- 
tiplying the  square  root  of  that  height  in  feet  by  8,  for  the  number 
of  feet  described  in  a  second.  Thus,  a  head  of  1  foot  gives  8 ;  a 
head  of  9  feet,  24.  This  is  the  theoretical  velocity;  but,  in  con- 
sequence of  the  contraction  of  the  stream,  we  must,  in  order  to  ob- 
tain the  actual  velocity,  multiply  the  square  root  of  the  height,  m 
feet,  by  5  instead  of  .8. 

The  velocity  of  a  fluid  issuing  from  an  aperture  is  not  affected 
by  its  density  being  greater  or  less.  Mercury  and  water  issue 
with  equal  velocities  at  equal  altitudes. 

The  proportion  of  the  theoretical  to  the  actual  velocity  of  a  fluid 
issuing  through  an  opening  in  a  thin  substance,  according  to  M. 
Eytelwein,  is  as  1  to  '619 ;  but  more  recent  experiments  make  it 
as  1  to  -621  up  to  -645. 

APPLICATION   OF  THE  TABLES  IN  THE  PRECEDING  PAGE. 

Table  I. — To  find  the  quantities  of  water  discharged  by  orifiees 
of  different  sizes  under  different  altitudes  of  the  fluid  in  the  reser- 
voir. 

To  find  the  quantity  of  fluid  discharged  by  a  circular  aperture 
3  inches  in  diameter,  the  constant  altitude  being  80  feet. 

As  the  real  discharges  are  in  the  compound  ratio  of  the  area  of 
the  apertures  and  the  square  roots  of  the  altitudes  of  the  water, 
and  as  the  theoretical  quantity  of  water  discharged  by  an  orifice 
one  inch  in  diameter  from  a  height  of  15  feet  is,  by  the  second  co- 
lumn of  the  table,  16968  cubic  inches  in  a  minute,  we  have  this 
proportion :  1  v^l5  :  9  v^30  : :  16968  :  215961  cubic  inches ;  the 
theoretical  quantity  required.  This  quantity  being  diminished  in 
the  ratio  of  1  to  '62,  being  the  ratio  of  the  theoretical  to  the  ac- 
tual discharge,  according  to  the  fourth  column  of  the  table,  gives 
138896  cubic  inches  for  the  actual  quantity  of  water  discharged  bj 
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the  given  aperture.  Hence,  the  quantity  shonld  be  rather  greater, 
because  large  orifices  discharge  more.in  proportion  than  small  ones ; 
while  it  should  be  rather  less,  because  the  altitude  of  the  fluid 
being  greater  than  that  in  the  table  with  which  it  is  compared,  the 
flowing  vein  of  water  becomes  rather  more  contracted.  The  quan- 
titYthus  found,  therefore,  is  nearly  accurate  as  an  average. 

W  hen  the  orifice  and  altitude  are  less  than  those  in  the  table,  a 
few  cubic  inches  should  be  deducted  from  the  result  thus  derived. 

The  altitude  of  the  fiuid  being  multiplied  by  the  coefficient  8*016 
will  give  its  theoretical  velocity ;  and  as  the  velocities  are  as  the 
quantities  discharged,  the  real  velocity  may  be  deducted  from  the 
theoretical  by  means  of  the  foregoing  results. 

Table  II. — To  find  the  quantities  of  water  discharged  by  tribes 
of  different  diameter^  and  wilder  different  heights  of  water. 

To  find  the  quantity  of  water  discharged  by  a  cylindrical  tube, 
4  inches  in  diameter,  and  8  inches  long,  the  constant  altitude  of 
the  water  in  the  reservoir  being  25  feet. 

Find,  in  the  same  manner  as  by  the  example  to  Table  I.,  the 
theoretical  quantity  discharged,  which  is  furnished  by  this  analogy. 
1  v/lS  :  16  v^26  : :  16968  :  350490  cubic  inches,  the  theoretical 
discharge.  This,  diminished  in  the  ratio  of  1  to  '81  by  the  4th 
column,  will  give  28473  cubic  inches  for  the  actual  quantity  dis- 
charged. If  the  tube  be  shorter  than  twice  its  diameter,  the 
quantity  discharged  will  be  diminished,  and  approximate  to  that 
from  a  simple  orifice,  as  shown  by  the  production  of  the  vena  con- 
traeta  already  described. 

According  to  Eytelwein,  the  proportion  of  the  theoretical  to  the 
real  discharge  through  tubes,  is  as  follows : 

Through  the  shortest  tube  that  will  cause  the  stream  to  adhere 
everywhere  to  its  sides,  as  1  to  0'8125. 

Through  short  tubes,  having  their  lengths  from  two  to  four 
times  their  diameters,  as  1  to -0*82. 

Through  a  tube  projecting  within  the  reservoir,  as  1  to  0*50. 

It  should,  however,  be  stated,  that  in  the  contraction  of  the 
stream  the  ratio  is  not  constant.  It  undergoes  perceptible  varia- 
tions by  altering  the  form  and  position  of  the  orifice,  the  thickness 
of  the  plate,  the  form  of  the  vessel,  and  the  velocity  of  the  issu- 
ing fluid. 

Deductions  from  experiments  made  by  BosstUj  Mtchelloti. 

1.  That  the  quantities  of  fluid  discharged  in  equal  times  from 
difierent-sized  apertures,  the  altitude  of  the  fluid  in  the  reser- 
voir being  the  same,  are  to  each  other  nearly  as  the  area  of  the  aper- 
tures. 

2.  That  the  quantities  of  water  discharged  in  equal  times  by 
the  same  orifice  under  difierent  heads  of  water,  are  nearly  as  the 
square  roots  of  the  corresponding  heights  of  water  in  the  reservoir 
above  the  centre  of  the  apertures. 
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3.  That,  in  general^  the  quantities  of  water  discharged,  in  the 
same  time,  by  different  apertures  under  different  heights  of  water 
in  the  reservoir,  are  to  one  another  in  the  compound  ratio  of  the 
areas  of  the  apertures,  and  the*  square  roots  of  the  altitudes  of  the 
water  in  the  reservoirs. 

4.  That  on  account  of  the  friction,  the  smallest  orifice  discharges 
proportionally  less  water  than  those  which  are  larger  and  of  a 
similar  figure,  under  the  same  heads  of  water. 

.5.  That,  from  the  same  cause,  of  several  orifices  whose  areas 
are  equal,  that  which  has  the  smallest  perimeter  will  discharge 
more  water  than  the  other,  under  the  same  altitudes  of  water  in 
the  reservoir.  Hence,  circular  apertures  are  most  advantageous,  as 
thej  have  less  rubbing  surface  under  the  same  area. 

6.  That,  in  consequence  of  a  slight  augmentation  which  the 
contraction  of  the  fluid  vein  undergoes,  in  proportion  as  the  height 
of  the  fluid  in  the  reservoir  increases,  the  expenditure  ought  to  be 
a  little  diminished. 

7.  That  the  discharge  of  a  fluid  through  a  cylindrical  horizontal 
tube,  the  diameter  and  length  of  which  are  equal  to  one  another, 
is  the  same  as  through  a  simple  orifice. 

8.  That  if  the  cylindrical  horizontal  tube  be  of  greater  length 
than  the  extent  of  the  diameter,  the  discharge  of  water  is  much 
increased. 

9.  That  the  length  of  the  cylindrical  horizontal  tube  may  be 
increased  with  advantage  to  four  times  the  diameter  of  the  orifice. 

10.  That  the  diameters  of  the  apertures  and  altitudes  of  water 
in  the  reservoir  being  the  same,  the  theoretic  discharge  through  a 
thin  aperture,  which  is  supposed  to  have  no  contraction  in  the  vein, 
the  discharge  through  an  additional  cylindrical  tube  of  greater 
length  than  the  extent  of  its  diameter,  and  the  actual  discharge 
through  an  aperture  pierced  in  a  thin  substance,  are  to  each  other 
as  the  numbers  16,  18,  10. 

11.  That  the  discharges  by  different  additional  cylindrical  tubes, 
under  the  same  head  of  water,  are  nearly  proportional  to  the  areas 
of  the  orifices,  or  to  the  squares  of  the  diameters  of  the  orifices. 

12.  That  the  discharges  by  additional  cylindrical  tubes  of  the 
same  diameter,  under  different  heads  of  water,  are  nearly  propor- 
tional to  the  square  roots  of  the  head  of  water. 

13.  That  from  the  two  preceding  corollaries  it  follows,  in  gene- 
ral, that  the  discharge  during  the  same  time,  by  different  addi- 
tional tubes,  and  under  different  heads  of  water  in  the  reservoir, 
are  to  one  another  nearly  in  the  compound  ratio  of  the  squares 
of  the  diameters  of  the  tubes,  and  the  square  roots  of  the  heads 
of  water. 

The  discharge  of  fluids  by  additional  tubes  of  a  conical  figure, 
when  the  inner  to  the  outer  diameter  of  the  orifice  is  as  -53  to 
26,  is  augmented  very  nearly  one-seventeenth  and  seven-tenths 
more  than  by  cylindrical  tubes,  if  the  enlargement  be  not  csurried 
too  far. 
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DISCHABQE  6T  COMPOUND  TUBES. 

Deductions  from  the  experiments  of  M.  Venturi. 

In  the  discharge  by  compound  tubes,  if  the  part  of  the  addi- 
tional tube  nearest  the  reservoir  have  the  form  of  the  contracted 
vein,  the  expenditure  will  be  the  same  as  if  the  fluid  were  not  con- 
tracted at  all ;  and  if  to  the  smallest  diameter  of  this  cone  a  cjlin- 
drical  pipe  be  attached,  of  the  same  diameter  as  the  least  section 
of  the  contracted  vein,  the  discharge  of  the  fluid  will,  in  a  horizon- 
tal direction,  be  lessened  by  the  friction  of  the  water  against  the 
side  of  the  pipe ;  but  if  the  same  tube  be  applied  in  a  vertical 
direction,  the  expenditure  will  be  augmented,  on  the  principle  of 
the  gravitation  of  falling  bodies;  consequently,  the  greater  the 
length  of  pipe,  the  more  abundant  is  the  discharge  of  fluid. 

If  the  additional  compound  tube  have  a  cone  applied  to  the  op- 
posite extremity  of  the  pipe,  the  expenditure  will,  under  the  same 
head  of  water,  be  increased,  in  comparison  with  that  through  a 
simple  orifice,  in  the  ratio  of  24  to  10. 

In  order  to  produce  this  singular  effect,  the  cone  nearest  to  the 
reservoir  must  be  of  the  form  of  the  contracted  vein,  which  will 
increase  the  expenditure  in  the  ratio  of  12*1  to  10.  At  the  other 
extremity  of  the  pipe,  a  truncated  conical  tube  must  be  applied, 
of  which  the  length  must  be  nearly  nine  times  the  smaller  diameter, 
and  its  outward  diameter  must  be  1*8  tunes  the  smaller  one.  This 
additional  cone  will  increase  the  discharge  in  the  proportion  of 
24  to  10.  But  if  a  great  length  of  pipe  intervene,  this  additional 
tube  has  little  or  no  effect  on  the  quantity  discharged. 

According  to  M.  Yenturi's  experiments  on  the  discharge  of 
water  by  bent  tubes,  it  appears  that  while,  with  a  height  of  water 
in  the  reservoir  of  32*5  inches,  4  Paris  cubic  feet  were  discharged 
through  a  cylindrical  horizontal  tube  in  the  space  of  45  seconds, 
the  discharge  of  the  same  quantity  through  a  tube  of  the  same 
diameter,  with  a  curved  end,  occupied  50  seconds,  and  through  a 
like  tube  bent  at  right  angles,  70  seconds.  Therefore,  in  making 
cocks  or  pipes  for  the  discharge  or  conveyance  of  water,  great 
attention  should  be  paid  to  the  nature  and  angle  of  the  bondings ; 
right  angles  should  be  studiously  avoided. 

The  interruption  of  the  discharge  by  various  enlargements  of 
the  diameter  of  the  tubes  having  been  investigated  by  M.  Venturis 
by  means  of  a  tube  with  a  diameter  of  9  lines,  enlarged  in  several 
parts  to  a  diameter  of  24  lines,  the  retardation  was  found  to  in- 
crease nearly  in  proportion  to  the  number  of  enlargements ;  the 
motion  of  the  fluid,  in  passing  into  the  enlarged  parts,  being 
diverted  from  its  direct  course  into  eddies  against  the  aides  of  the 
enlargements.  From  which  it  may  be  deduced,  that  if  the  inter- 
nal roughness  of  a  pipe  diminish  the  expenditure,  the  friction  of 
the  water  against  these  asperities  does  not  form  any  considerable 
part  of  the  cause.  A  right-lined  tube  may  have  its  internal  sur- 
face highly  polished  throughout  its  whole  length,  and  it  may  every- 
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where  possess  a  diameter  greater  than  the  orifice  to  which  it  is 
applied;  bat,  nevertheless,  the  expenditure  will  be  greatlj  retarded 
if  the  pipe  should  have  enlarged  parts  or  swellings.  It  is  not 
enough  that  elbows  and  contractions  be  avoided ;  for  it  maj  hap- 
pen, by  an  intermediate  enlargement,  that  the  whole  of  the  other 
advantage  maj  be  lost.  This  will  be  obvious  from  the  results  in 
the  following  table,  deduced  from  experiments  with  tubes  having 
various  enlargements  of  diameter. 


Head  of  water 
in  inclieB. 

Number  of  en- 
larged puia. 

Seoonda  in  vhick 

4  Ottbio  feet  were 

diaeharged. 

82-5 
82-5 
82-5 
82-5 

0 
1 
3 
5 

109 
147 
192 
240 

DISCHARGE  BT  CONDUIT  PIPES. 


On  account  of  the  friction  against  the  sides,  the  less  the  dia- 
meter of  the  pipe,  the  less  proportionally  is  the  discharge  of  fluid. 
And,  from  the  same  cause,  the  greater  the  length  of  conduit  pipe, 
the  greater  the  diminution  of  the  discharge.  Hence,  the  dis- 
charges made  in  equal  times  by  horizontal  pipes  of  different  lengths, 
but  of  the  same  diameter,  and  under  the  same  altitude  of  water, 
are  to  one  another  in  the  inverse  ratio  of  the  square  roots  of  the 
lengths.  In  order  to  have  a  perceptible  and  continuous  discharge 
of  fluid,  the  altitude  of  the  water  in  the  reservoir,  above  the  axis 
of  the  conduit  pipe,  must  not  be  less  than  1|  inch  for  every  180 
feet  of  the  length  of  the  pipe. 

The  ratio  of  the  difference  of  discharge  in  pipes,  16  and  24  lines 
diameter  respectively,  may  be  known  by  comparing  the  ratios  of 
Table  I.  with  the  ratios  of  Table  II.,  in  the  following  page. 

The  greater  the  angle  of  inclination  of  a  conduit  pipe,  the 
greater  will  be  the  discharge  in  a  given  time ;  but  when  the  angle 
of  the  conduit  pipe  is  6°  81',  or  the  depression  of  the  lower  extre- 
mity of  the  pipe  is  one-eighth  or  one-ninth  of  its  length,  the  rela- 
tive gravity  of  the  fluid  will  be  counterbalanced  by  the  resistance 
or  friction  against  the  sides;  and  the  discharge  is  then  the  same 
as  by  an  additional  horizontal  tube  of  the  same  diameter. 

A  curvilinear  pipe,  the  altitude  of  the  water  in  the  reservoir  being 
the  same,  discharges  less  water  when  the  flexures  lie  horizontally, 
than  a  rectilinear  pipe  of  the  same  diameter  and  length. 

The  discharge  by  a  curvilinear  pipe  of  the  same  diameter  and 
length,  and  under  the  same  head  of  water,  is  still  further  dinii- 
nished  when  the  flexures  lie  in  a  vertical  instead  of  a  horizontal  plane. 

When  there  is  a  number  of  contrary  flexures  in  a  large  pipe,  the 
air  sometimes  lodges  in  the  highest  parts  of  the  flexures,  and  greatly 
retards  the  motion  of  the  water,  unless  prevented  by  air-holes,  or 
stopcocks. 
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TabIiE  I. — Compari8<m  of  the  discharge  hp  conduit  pipes  of  different 
lenffthsy  16  lines  in  diametery  with  the  discharge  hy  additional 
tubes  inserted  in  the  same  reservoir. — Bj  M.  BossuT* 


OonatMie 

Qna&ttty  of  Water  dlaoharffed 

altitude  of  the 

Water  aboTe  the 

centre  of  the 

•perfewe. 

Leofthof 

theeendiitt 

pipe. 

in  a  minute. 

qnantmesftimiriMd 
hy  tube  and  pipe. 

hr  additional 

tabe,161ineeiB 

diameter. 

hy  eonduit 

Feet 

Feet 

CaUo  Inohee. 

Cable  Inohee. 

80 

6880 

.     2778 

100  to  48-89 

60 

6830 

1967 

100  to  80-91 

90 

6880 

1687 

100  to  26-07 

120 

6330 

1361 

100  to  21-34 

150 

6880 

1178 

100  to  18-61 

180 

6880 

1062 

100  to  16-62 

2 

80 

8989 

4066 

100  to  45-48 

2 

60 

8989 

2888 

100  to  32-31 

2 

90 

8939 

2362 

100  to  26-81 

2 

120 

8939 

2011 

100  to  22-60 

2 

160 

8989 

1762 

100  to  19-71 

2 

180 

8939 

1583 

100  to  17-70 

Tablb  II. — Comparison  of  the  discharge  ly  conduit  pipes  of  dif- 
fereTU  lengths^  24  lines  in  diameter,  with  the  discharge  hy  addi- 
tianal  tubes  inserted  in  the  same  reservoir. — ^By  M.  Bossut. 


CoBitant 

altitude  of  the 

Water  abore  the 

centre  of  the 

aperture. 

Length  of 

the  condolfc 

pipe. 

Qnaatit/  of  Water  dlaehaxsed 
in  a  minute. 

Batio  between  the 
b7  tube  and  pipe. 

by  additional 

tabe,Mlineein 

diameter. 

b7  eondnit 

Feet. 

2 
2 
2 
2 
2 
2 

Fset. 
3D 
60 

90 

120 

150 

180 

80 

60 

90 

120 

160 

180 

Cnbie  Inohee. 

14248 
14248 
14248 
14248 
14248 
14243 
20112 
20112 
20112 
20112 
20112 
20112 

Cnbio  Inohei. 
7680 
6664 
4534 
8944 
8486 
8119 
11219 
8190 
6812 
6885 
6282 
4710 

100  to  68-92 
100  to  89-06 
100  to  81-88 
100  to  27-69 
100  to  24-48 
100  to  21-90 
100  to  65-78 
100  to  40-72 
100  to  83-87 
100  to  29-26 
100  to  2601 

100  to  23-41 

—  .  ,    _    

DISCHARGE  BY  WEIRS  AND  RECTANGTJLAR  APERTURES. 

Rectangular  orifices  in  the  side  of  a  reservoir ,  extending  to  the  surface* 

The  velocitj  yarying  nearly  as  the  square  root  of  the  height, 
may  here  be  represented  by  the  ordinates  of  a  parabola,  and  the 
quantity  of  water  discharged  by  the  area  of  the  parabola,  or 
two-thirds  of  that  of  the  circumscribing  rectangle.  So  that  the 
quantity  discharged  may  be  found  by  taking  two-thirds  of  the  yelo- 
city  due  to  the  mean  height,  and  allowing  for  the  contraction  of 
the  stream,  according  to  the  form  of  the  opening. 

In  a  lake,  for  example,  in  the  side  of  which  a  rectangular  open- 
ing is  made  without  any  oblique  lateral  walls,  three  feet  wide,  and 
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extending  two  feet  below  the  surface  of  the  water,  the  coefficient 
of  the  Telocitji  corrected  for  contraction,  is  5*1,  and  the  corrected 
mean  velocity  f  ^2  x  ^'1  =  4-8 ;  therefore  the  area  being  6,  the 
discharge  of  water  in  a  second  is  28*8  cubic  feet,  or  nearly  four 
hogsheads. 

The  same  coefficient  serves  for  determining  the  discharge  over 
a  weir  of  considerable  breadth ;  and,  hence,  to  deduce  the  depth 
or  breadth  requisite  for  the  discharge  of  a  ^iven  quantity  of  water. 
For  example,  a  lake  has  a  weir  three  feet  in  breadth,  and  the  sur- 
face of  the  water  stands  at  the  height  of  five  feet  above  it :  it  is 
required  how  much  the  weir  must  be  widened,  in  order  that  the 
water  may  be  a  foot  lower.  Here  the  velocity  is  §  v/5  X  6'1,  and  the 
quantity  of  water  §  ^/h  X  6'1  X  8  X  6 ;  but  the  velocity  must  be  re- 

-7     ^  ^       ,,       ,         .       .«,    i\/5^x5-l  x8  x5 

duced  to  }  ^4  X  o'l,  and  then  the  section  will  be = 

_  tv/4x61 

= = =  7*5  X  \/5 ;  and  the  height  being  4,  the  breadth 

7-5     - 
must  be  -r-  v^^  ™  ^'^^  ^®®*- 

The  discharge  from  reservoirs,  with  lateral  orifices  of  consider- 
able mamitude,  and  a  constant  head  of  water,  may  be  found  by 
determining  the  difference  in  the  discharge  by  two  open  orifices  of 
different  heights ;  oi*,  in  most  cases,  with  nearly  equal  accuracy, 
by  considering  the  velocity  due  to  the  distance,  below  the  surface, 
of  the  centre  of  gravity  of  the  orifice. 

Under  the  same  height  of  water^in  the  reservoir,  the  same  quan- 
tity always  flows  in  a  canal,  of  whatever  length  and  declivity ;  but 
in  a  tube,  a  difference  in  length  and  declivity  has  a  great  effect  on 
the  quantity  of  water  discharged. 

The  velocity  of  water  flowing  in  a  river  or  stream  varies  at  dif- 
ferent parts  of  the  same  transverse  section.  It  is  found  to  be 
greatest  where  the  water  is  deepest,  at  somewhat  less  than  one- 
half  the  depth  from  the  surface;  diminishing  towards  the  sides 
and  shallow  parts. 

Meatstance  to  bodies  moving  in  fluids. — The  deductions  from  the 
experiments  of  0.  Colics,  (who  first  planned  the  Groton  Aqueduct, 
New  York,)  and  others,  on  this  intricate  subject,  are,  as  stated,  thus: 

1.  The  confirmation  of  the  theory,  that  the  resistance  of  fluids 
to  passing  bodies  is  as  the  squares  of  the  velocities. 

2.  That,  contrary  to  the  received  opinion,  a  cone  will  move 
through  the  water  with  much  less  resistance  with  its  apex  foremost, 
than  with  its  base  forward. 

8.  That  the  increasing  the  length  of  a  solid,  of  almost  any  form, 
by  the  addition  of  a  cylinder  in  the  middle,  diminishes  the  resist- 
ance with  which  it  moves,  provided  the  weight  in  the  water  remains 
the  same. 
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4.  That  the  greatest  breadth  of  the  moving  body  should  be 
placed  at  the  distance  of  two-fifths  of  the  whole  length  from  the 
bow,  when  applied  to  the  ordinary  forms  in  naval  architecture. 

5.  That  the  bottom  of  a  floating  solid  should  be  made  triangu- 
lar;  as  in  that  case  it  will  meet  with  the  least  resistance  when 
moving  in  the  direction,  of  its  longest  axis,  and  with  the  greatest 
resistance  when  moving  with  its  broadside  foremost. 

Friction  of  fiuids. — Some  experiments  have  been  made  on  this 
subject,  with  reference  to  the  motion  of  bodies  in  water,  upon  a 
cylindrical  model,  30  inches  in  length,  26  inches  in  diameter,  and 
weighing  255  lbs.  avoirdupois.  The  cylinder  was  placed  in  a  cis- 
tern of  salt  water,  and  made  to  vibrate  on  knife-edges  passing 
through  its  axis,  and  was  deflected  over  to  various  angles  by  means 
of  a  weight  attached  to  the  arm  of  a  lever.  The  experiments  were 
then  repeated  without  the  water,  and  the  following  are  the  angles 
of  deflection  and  vibration  in  the  two  cases. 


In  the  nit  water. 

In  the 

itmosplien. 

Angle  of 

Angla  to  wUeh 

Aii{1«  «f 

Aii{l<  to  wMoh 

IMMtk». 

ttTit>r>t«l. 

itTibraUd. 

22°  30' 

22°  24' 

22°  30' 

20°  0' 

22   10 

22     6 

21  36 

21   3 

21   54 

21   48 

20  48 

2016 

21   36 

21    30 

&c. 

&c. 

&c. 

.      &c. 

Showing  that  the  amplitude  of  vibration  when  oscillating  in  water 
is  considerably  less  than  when  oscillating  without  water.  In  the 
experiments  there  is  a  falling  off  in  the  angle  of  24',  or  nearly 
half  a  degree.  The  amount  of  force  acting  on  the  surface  of  the 
cylinder  necessary  to  cause  the  above  difference  was  calculated ; 
and  the  author  thinks  that  it  is  not  equally  distributed  on  the 
surface  of  the  cylinder,  but  that  the  amount  on  any  particular 
part  might  vary  as  the  depth.  On  this  supposition,  a  constant 
pressure  at  a  unit  of  depth  is  assumed,  and  this,  multiplied  by  the 
depth  of  any  other  point  of  the  cylinder  immersed  in  the  water, 
will  give  the  pressure  at  that  point.  These  forces  or  moments 
being  summed  by  integration  and  equated  with  the  sum  of  the 
moments  given  by  the  experiments,  we  have  the  value  of  the  con- 
stant pressure  at  a  unit  of  depth  »  '0000469.  This  constant,  in 
another  experiment,  the  weight  of  the  model  being  197  lbs.  avoir- 
dupois, and  consequently  the  part  immersed  in  the  water  being  dif- 
ferent from  that  in  the  other  experiment,  was  '0000452,  which 
differs  very  little  from  the  former, — indicating  the  probability  of 
the  correctness  of  the  assumption. 

The  drainage  of  water  through  pipes. — The  experiments  made 

under  the  direction  of  the  Metropolitan  Commissioners  of  Sewers, 

on  the  capacities  of  pipes  for  the  drainage  of  towns,  have  presented 

some  useful  results  for  the  guidance  of  those  who  have  to  make 

2C 


826 


THE  PRACTICAL  MODEL  CALCULATOR. 


calcnlationg  for  a  similar  purpose.  The  pipes,  of  various  dia- 
meters, from  3  to  12  inches,  were  laid  on  a  platform  of  100  feet 
in  length,  the  declivitj  of  which  could  be  varied  from  a  horizontal 
level  to  a  fall  of  1  in  lO.  The  water  was  admitted  at  the  head 
of  the  pipe,  and  at  five  junctions,  or  tributary  pipes  on  each  side, 
BO  regulated  as  to  keep  the  main  pipe  full. 

The  results  were  as  follow : — 

It  was  found — to  mention  only  one  result — that  a  line  of  6-inch 
pipes,  100  feet  long,  at  an  inclination  of  1  in  60,  discharged  75  cubic 
feet  per  minute.  The  same  experiment,  repeated  with  the  line  of 
pipes  reduced  to  50  feet  in  length,  gave  very  nearly  the  same  result 
Without  the  addition  of  junctions,  the  transverse  sectional  area  of 
the  stream  of  water  near  the  discharging  end  was  reduced  to  one- 
fifth  of  the  corresponding  area  of  the  pipe,  and  it  required  a  sim- 
ple head  of  water  of  about  22  inches  to  give  the  same  result  as 
that  accruing  under  the  circumstances  of  the  junctions.  With 
regard  to  varying  sizes  and  inclinations,  it  appears,  sufBciently  for 
practical  purposes,  that  the  squares  of  the  discharges  are  as  the 
fifth  powers  of  the  diameters ;  and  again,  that  in  steeper  declivi- 
ties than  1  in  70,  the  discharges  are  as  the  square  roots  of  the 
inclinations ;  but  at  less  declivities  than  1  in  70,  the  ratios  of  the 
discharges  diminish  very  rapidly,  and  are  governed  by  no  constant 
law.  At  a  certain  small  declivity,  the  relative  discharge  is  as  the 
fifth  root  of  the  inclination ;  at  a  smaller  declivity,  it  is  found  as 
the  seventh  root  of  the  inclination ;  and  so  on,  as  it  approaches  the 
horizontal  plane.  This  may  be  exemplified  by  the  following  results 
found  by  actual  experiment : 

JDischarges  of  a  64nch  pipe  at  several  inclincUtoiM, 


DSsohargef  in  lOU 
feet  pax  miiittta. 

IlHllutioiL 

DiMhmr(M  in  IW 
f««(  fn  mlant*. 

lin    60 

75 

lin    320 

49 

lin    80 

68 

lin   400 

48-5 

1  in  100 

63 

lin   480 

48 

lin  120 

69 

lin    640 

47-5 

1  in  160 

64 

lin    800 

47-2 

lin  200 

62 

1  in  1200 

46-7 

1  in  240 

60 

Level 

46 

The  conclusion  arrived  at  is,  that  the  requisite  sizes  of  drains 
and  sewers  can  be  determined  (near  enough  for  practical  purposes, 
as  an  important  circumstance  has  to  be  considered  in  providing  for 
the  deposition  of  solid  matter,  which  disadvantageously  alters  the 
form  of  the  aqueduct,  and  contracts  the  water-way)  by  taking  the 
result  of  the  6-inch  pipe,  under  the  circumstances  before  mentioned 
as  a  datumy  and  assuming  that  the  squares  of  the  discharges  are 
as  the  fifth  powers  of  the  diameters. 

That  at  greater  declivities  than  1  in  70,  the  discharges  are  as 
the  square  roots  of  the  inclinations. 
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That  at  less  declivities  than  1  in  70,  the  usual  law  will  not 
obtain ;  but  near  approximations  to  the  truth  may  be  obtained  by 
observing  the  relative  discharges  of  a  pipe  laid  at  various  small 
inclinations. 

That  increasing  the  number  of  junctions,  at  intervals,  accele- 
rates the  velocity  of  the  main  stream  in  a  ratio  which  increases  as 
the  square  root  of  the  inclination,  and  which  is  greater  than  the 
ratio  of  resistance  due  to  a  proportionable  increase  in  the  length 
of  the  aqueduct  The  velocity  at  which  the  lateral  streams  enter 
the  main  line,  is  a  most  important  circumstance  governing  the  flow 
of  water.  In  practice,  these  velocities  are  constantly  variable, 
considered  individually,  and  always  different  considered  collectively, 
so  that  their  united  effect  it  is  difficult  to  estimate.  Again,  the 
same  sewer  at  different  periods  may  be  quite  filled,  but  discharges 
in  a  given  time  very  different  quantities  of  water.  It  should  be 
mentioned  that  in  the  case  of  the  6-inch  pipe,  which  discharged 
75  cubic  feet  per  minute,  the  lateral  streams  had  a  velocity  of 
a  few  feet  per  second,  and  the  junctions  were  placed  at  an  angle 
of  about  35^  with  the  main  line.  It  is  needless  to  say  that  all 
junctions  should  be  made  as  nearly  parallel  with  the  main  line  as 
possible,  otherwise  the  forces  of  the  lateral  currents  may  impede 
rather  than  maintain  or  accelerate  the  main  streams. 
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The  ratio  between  the  power  and  effect  of  an  undershot  wheel 
is  as  10  to  8*18 ;  consequently  81*43  lbs.  of  water  must  be  expended 
per  second  to  produce  a  mechanical  effect  equal  to  that  of  the  esti- 
mated labour  of  an  active  man. 

The  velocity  of  the  periphery  of  the  undershot  wheel  should  be 
equal  to  half  the  velocity  of  the  stream ;  the  float-boards  should  be 
so  constructed  as  to  rise  perpendicularly  from  the  water ;  not  more 
than  one-half  should  ever  be  below  the  surface ;  and  from  8  to  5 
should  be  immersed  at  once,  according  to  the  magnitude  of  the 
wheel. 

The  following  maxims  have  been  deduced  from  experiments : — 

1.  The  virtual  or  effective  head  of  water  being  the  same,  the 
effect  will  be  nearly  as  the  quantity  expended ;  that  is,  if  a  mill, 
driven  by  a  fall  of  water,  whose  virtual  head  is  10  feet,  and  which 
discharges  30  cubic  feet  of  water  in  a  second,  grind  four  bolls  of 
com  in  an  hour ;  another  mill  having  the  same  virtual  head,  but 
which  discharges  60  cubic  feet  of  water,  will  grind  eight  bolls  of 
corn  in  an  hour. 

2.  The  expense  of  water  being  the  same,  the  effect  will  be  nearly 
as  the  height  of  the  virtual  or  effective  head. 

8.  The  quantity  of  water  expended  being  the  same,  the  effect  is 
nearly  as  the  square  of  its  velocity ;  that  is,  if  a  mill,  driven  by  a 
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certain  quantity  of  water,  moving  with  the  velocity  of  four  feet  per 
second,  grind  three  bolls  of  corn  in  an  hour ;  another  mill,  driven 
by  the  same  quantity  of  water,  moving  with  the  velocity  of  five 
feet  per  second,  will  grind  nearly  4^,^  bolls  in  the  hour,  because 
3  :  4^  : :  4=^  :S^  nearly. 

4.  The  aperture  being  the  same,  the  effect  will  be  nearly  as  the 
cube  of  the  velocity  of  the  water ;  that  is,  if  a  mill  driven  by  water, 
moving  through  a  certain  aperture,  with  the  velocity  of  four  feet 
per  second,  grind  three  bolls  of  corn  in  an  hour ;  another  mill, 
driven  by  water,  moving  through  the  same  aperture  with  the  velo- 
city of  five  feet  per  second,  will  grind  523  ^oUa  nearly  in  an  hour ; 
for  as  8  :  6f  J  : :  4* :  6^  nearly. 

The.  height  of  the  virtual  head  of  water  may  be  easily  deter- 
mined from  the  velocity  of  the  water,  for  the  heights  are  as  the 
squares  of  the  velocities,  and,  consequently,  the  velocities  are  as 
the  square  roots  of  the  height. 

To  calculate  the  proportions  of  undershot  wheels. — Find  the  per- 
pendicular height  of  the  fall  of  water  above  the  bottom  of  the  mill- 
course,  and  having  diminished  this  number  by  one-half  the  depth  of 
the  water  where  it  meets  the  wheel,  call  that  the  height  of  ihefalL 

Multiply  the  height  of  the  fall,  so  foun,dy  by  64*348,  and  take  the 
square  root  of  the  product,  which  will  be  the  velocity  of  the  water. 

Take  one-half  of  the  velocity  of  the  water,  and  it  will  be  the 
velocity  to  be  given  to  the  float-boards,  or  the  number  of  feet  they 
must  move  through  in  a  second,  to  produce  a  maodmum  effect. 
Divide  the  circumference  of  the  wheel  by  the  velocity  of  its  float- 
boards  per  second,  and  the  quotient  will  be  the  number  of  seconds 
in  which  the  wheel  revolves.  Divide  60  by  the  quotient  thus  found, 
and  the  new  quotient  will  be  the  number  of  revolutions  made  by 
the  wheel  in.  a  minute. 

Divide  90,  the  number  of  revolutions  which  a  millstone,  5  feet 
in  diameter,  should  make  in  a  minute,  by  the  number  of  revolutions 
made  by  the  wheel  in  a  minute,  the  quotient  will  be  the  number  of 
turns  the  millstone  ought  to  make  for  one  turn  of  the  wheel. 
Then,  as  the  number  of  revolutions  of  the  wheel  in  a  minute  is  to 
the  number  of  revolutions  of  the  millstone  in  a  minute»  so  must 
the  number  of  staves  in  the  trundle  be  to  the  number  of  teeth  in 
the  wheel,  (the  nearest  in  whole  numbers.)  Multiply  the  number 
of  revolutions  made  by  the  wheel  in  a  minute,  by  the  number  of 
revolutions  made  by  the  millstone  for  one  turn  of  the  wheel,  and 
the  product  will  be  the  number  of  revolutions  made  by  the  millstone 
in  a  minute. 

The  effect  of  the  water  wheel  is  a  maximum^  when  its  circum- 
ference moves  with  one-half,  or,  more  accurately,  with  three- 
sevenths  of  the  velocity  of  the  stream. 

THE  BREAST  WHEEL. 

The  effect  of  a  breast  wheel  is  equal  to  the  effect  of  an  under 
shot  wheel,  whose  head  of  water  is  equal  to  the  difference  of  level 
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between  the  surface  of  water  in  the  reservoir,  and  the  part  where 
it  strikes  the  wheel,  added  to  that  of  an  overshot,  whose  height  is 
equal  to  the  difference  of  level  between  the  part  where  it  strikes 
the  wheel  and  the  level  of  the  tail  water. 

When  the  fall  of  water  is  between  4  and  10  feet,  a  breast 
wheel  should  be  erected,  provided  there  be  enough  of  water ;  an 
undershot  should  be  used  when  the  fall  is  below  4  feet,  and  an 
overshot  wheel  when  the  fall  exceeds  10  feet.  Also,  when  the  fall 
exceeds  10  feet,  it  should  be  divided  into  two,  and  twt>  breast  wheels 
be  erected  upon  it. 

Table /or  breast  wheels. 


^1 

1. 

u 

1 

3. 

11 

1 

1 

ill 

FMt. 

FMfc. 

Foot. 

Foot. 

Soo. 

Ibfc  arr. 

Cubic  ft. 

1 

017 

198-6 

0-76 

2-18 

1-92 

4-80 

153Q 

74-80 

2 

0-84 

851 

1-50 

809 

2-72 

6-80 

1084 

8715 

8 

0-61 

12-7 

2-26 

8-78 

8-88 

8-82 

886 

24-77 

4 

0*69 

6-2 

801 

4-86 

8-84 

9-60 

762 

18-57 

6 

0-86 

8-67 

8-76 

4-88 

4-28 

10-70 

680 

14-86 

6 

1-08 

2-25 

4-51 

6-36 

4-70 

11-76 

626 

12-88 

7 

1-20 

1-68 

5-26 

5-77 

608 

12-70 

581 

10-61 

8 

1-87 

110 

602 

6-17 

6-43 

13-58 

548 

9-29 

9 

1-54 

0-81 

6-77 

6-55 

6-76 

14-40 

512 

8-26 

10 

1-71 

0-77 

7-52 

6-90 

6-07 

15-18 

486 

7-43 

It  is  evident,  from  the  preceding  table,  that  when  the  height  of 
the  fall  is  less  than  8  feet,  the  depth  of  the  float-boards  is  so  great, 
and  their  breadth  so  iimall,  that  the  breast  wheel  cannot  well  be 
employed ;  and,  on  the  contrary,  when  the  height  of  the  fall  ap- 
proaches to  10  feet,  the  depth  of  the  float-boards  is  too  small  in 
proportion  to  their  breadth ;  these  two  extremes,  therefore,  must 
be  avoided  in  practice.  The  ninth  column  contains  the  quantity 
of  water  necessary  for  impelling  the  wheel ;  but  the  total  expense 
of  water  should  always  exceed  this  by  the  quantity,  at  least,  which 
escapes  between  the  mill-course  and  the  sides  and  extremities  of 
tile  float-boards. 

THE  OVERSHOT  WHEEL. 

The  ratio  between  the  power  and  effect  of  an  overshot  wheel,  is 
as  10  to  6*6,  when  the  water  is  delivered  above  the  apex  of  the 
wheel,  and  is  computed  from  the  whole  height  of  the  fall ;  and  as 
10  to  8  when  computed  from  the  height  of  the  wheel  only ;  con- 
sequently, the  quantity  of  water  expended  per  second,  to  produce 
a  mechanical  effect  equal  to  that  of  the  aforesaid  estimated  labour 
of  an  active  man,  is,  in  the  first  instance,  15*15  lbs.,  and  in  the 
second  instance,  12*5  lbs. 

Hence,  the  effect  of  the  overshot  ^heel,  under  the  same  circum- 
2o2 
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Stances  of  quantity  and  fall,  is,  at  a  medium,  double  that  of  the 
undershot. 

The  velocity  of  the  periphery  of  an  orershot  wheel  should  be 
from  6 J  to  8J  feet  per  second.  ^ 

The  higher  the  wheel  is,  in  proportion  to  the  whole  descent,  the 
greater  will  be  the  effect. 

And  from  the  equality  of  the  ratio  between  the  power  and  effect, 
subsisting  where  the  constructions  are  similar,  we  must  infer  that 
the  effects,  as  well  as  the  powers,  are  as  the  quantities  of  water  and 
perpendicular  heights  multiplied  together  respectively. 

Working  machinery  by  hydraulie  pressure. — The  vertical  pressure 
of  water,  acting  on  a  piston,  for  raising  weights  and  driving  machi- 
nery, is  coming  into  use  in  many  places  where  it  can  be  advantage- 
ously applied.  At  Liverpool,  Newcastle,  Glasgow,  and  other  places, 
it  is  applied  to  the  working  of  cranes,  drawing  coal-wagons,  and  other 
purposes  requiring  continuous  power.  The  presence  of  a  natural  faU, 
like  that  of  Golway,  Ireland,  which  can  be  conducted  to  the  engine 
through  pipes,  is,  of  course,  the  most  economical  situation  for  the 
application  of  such  power ;  in  other  situations,  artificial  power  must 
be  used  to  raise  the  water,  which,  even  under  this  disadvantage,  may, 
from  its  readiness  and  simplicity  of  action,  be  often  serviceably  em- 
ployed. Wherever  the  contiguity  of  a  steam  engine  would  be  dan- 
gerous, or  otherwise  objectionable,  a  water  engine  would  afford  the 
means  of  receiving,  and  applying  the  power  from  any  required  dis- 
tance, precautions  being  taken  against  the  action  of  frost  on  the  fluid. 

Required  the  horse  power  of  a  centre  discharging  Turbine  water 
wheel,  the  head  of  water  being  25  feet,  and  the  area  of  the  open- 
ing 400  inches. 

The  following  table  shows  the  working  horse  power  of  both  the 
inward  and  outward  discharging  Turbine  water  wheels ;  they  are 
calculated  to  the  square  inch  of  opening. 


C«atr*  Diflohargiag 

Ontwurd  Di«;hM(- 

Oatward  Dbeharc^ 

Torbia*. 
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Opposite  25  in  the  column  marked  '^  Head/'  the  working  horse 
power  to  the  square  inch  is  found  to  be  '25667,  which,  multiplied 
by  400,  gives  94*668,  the  horse  power  required. 

What  is  the  working  horse  power  of  an  outward  discharging 
Turbine,  under  the  effective  head  of  20  feet ;  the  area  of  all  the 
openings  being  325  square  inches.  In  the  table,  opposite  20,  we 
find  -296618,  then  -296618  X  325  =  96-4,  the  required  horse  power. 

What  is  the  number  of  revolutions  a  minute  of  an  outward 
discharging  Turbine  wheel,  the  head  being  19  feet  and  the  dia- 
meter of  the  wheel  60  inches  ? 

In  the  table  for  the  outward  discharging  wheel,  opposite  19,  and 
under  60  inches,  we  find  97,  the  number  of  revolutions  required. 

What  is  the  number  of  revolutions  a  minute  of  an  inward  dis- 
charging Turbine,  under  a  head  of  21  feet,  the  diameter  being 
72  inches  ? 

In  the  table  for  the  inward  discharging  wheel,  opposite  21  feet, 
and  under  72  inches,  we  find  95,  the  number  of  revolutions  a 
minute. 

These  Turbine  tables  were  calculated  by  the  author's  brother, 
the  late  John  O'Byrne,  C.  E.,  who  died  in  New  York,  on  the  6th 
of  April,  1851, 
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WINDHILLS. 

1.  The  velocity  of  windmill  sails,  whether  unloaded  or  loaded, 
so  as  to  produce  a  maximum  effect,  is  nearly  as  the  velocity  of  the 
wind,  their  shape  and  position  being  the  same. 

2.  The  load  at  the  maximum  is  nearly,  but  somewhat  less  than, 
as  the  square  of  the  velocity  of  the  wind,  the  shape  and  position 
of  the  sails  being  the  same. 

3.  The  effects  of  the  same  sails,  at  a  maximum,  are  nearly,  bat 
somewhat  less  than,  as  the  cubes  of  the  velocity  of  the  wind. 

4.  The  load  of  the  same  sails,  at  the  maximum,  is  nearly  as  the 
squares,  and  their  effect  as  the  cubes  of  their  number  of  turns  in  a 
given  time. 

5.  When  sails  are  loaded  so  as  to  produce  a  maximum  at  a  given 
velocity,  and  the  velocity  of  the  wind  increases,  the  load  continu- 
ing the  same, — 1st,  the  increase  of  effect,  when  the  increase  of  the 
velocity  of  the  wind  is  small,  will  be  nearly  as  the  squares  of  those 
velocities ;  2dly,  when  the  velocity  of  the  wind  is  double,  the  ef- 
fects will  be  nearly  as  10  to  27  J ;  but,  3dly,  when  the  velocities 
compared  are  more  than  double  of  that  when  the  given  load  pro- 
duces a  maximum,  the  effects  increase  nearly  in  the  simple  ratio 
of  the  velocity  of  the  wind. 
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6.  In  sails  where  the  figure  and  position  are  similar,  and  the  ve- 
locity of  the  vfini  the  same,  the  number  of  turns,  in  a  given  time, 
will  be  reciprocally  as  the  radius  or  length  of  the  sail. 

7.  The  load,  at  a  maximum,  which  sails  of  a  similar  figure  and 
position  will  overcome,  at  a  given  distance  from  the  centre  of  mo- 
tion, will  be  as  the  cube  of  the  radius. 

8.  The  efiects  of  sails  of  similar  figure  and  position  are  as  the 
square  of  the  radius. 

9.  The  velocity  of  the  extremities  of  Dutch  sails,  as  well  as  of  the 
enlarged  sails,  in  all  their  usual  positions  when  unloaded,  or  even 
loaded  to  a  maximum,  is  considerably  greater  than  that  of  the  wind. 

The  results  in  Table  1  are  for  Dutch  sails,  in  their  common  posi- 
tion, when  the  radius  was  80  feet.  Table  2  contains  the  most 
efficient  angles. 
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Supposing  the  radius  of  the  sail  to  be  30  feet,  then  the  sail  will 
commence  at  },  or  5  feet  from  the  axis,  where  the  angle  of  inclina- 
tion will  be  72  degrees ;  at  |,  or  10  feet  from  the  axis,  the  angle 
will  be  71  degrees,  and  so  on. 

MesuUs  of  Experiments  on  the  effect  of  Windmill  Sails  in  grind- 
ing com, — By  M.  Coulomb. 

A  windmill,  with  four  sails,  measuring  72  feet  from  the  ex- 
tremity of  one  sail  to  that  of  the  opposite  one,  and  6  feet  7  inches 
wide,  or  a  little  more,  was  found  capable  of  raising  1100  lbs.  avoir- 
dupois 238  feet  in  a  minute,  and  of  working,  on  an  average,  eight 
hours  in  a  day.  This  is  equivalent  to  the  work  of  34  men,  80  square 
feet  of  canvas  performing  about  the  daily  work  of  a  man. 

When  a  vertical  windmill  is  employed  to  grind  corn,  the  mill- 
stone makes  5  revolutions  in  the  same  time  that  the  sails  and  the 
arbor  make  1.  . 

The  mill  does  not  begin  to  turn  till  the  velocity  of  the  wind  is 
about  13  feet  per  second. 

When  the  velocity  of  the  wind  is  19  feet  per  second,  the  sails 
make  from  11  to  12  turns  in  a  minute,  and  the  mill  will  grind  from 
880  to  990  lbs.  avoirdupois  in  an  hour,  or  about  22,000  lbs.  in  24 
hours. 
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THE  APPLICATION  OF  LOGARITHMS. 


Thb  practice  of  performing  calculations  by  Logarithms  is  an  ex- 
ercise 80  useful  to  computers,  that  it  requires  a  more  particular  ex- 
planation than  could  have  been  properly  giren  in  that  part  of  the 
work  allotted  to  Arithmetic. 

A  few  of  the  various  applications  of  logarithms,  best  suited  tx> 
the  calculations  of  the  engineer  and  mechanic,  have  therefore  been 
collected,  and  are,  with  other  matter,  given,  in  hopes  that  they  will 
come  into  general  use,  as  the  certainty  and  accuracy  of  their  re- 
sults can  be  more  safely  relied  upon  and  more  easily  obtained 
than  with  common  arithmetic. 

By  a  slight  examination,  the  student  will  perceive,  in  some  de- 
gree, the  nature  and  effect  of  these  calculations ;  and,  by  frequent 
exercise,  will  obtain  a  dexterity  of  operation  in  every  case  admitting 
of  their  use.  He  will  also  more  readily  penetrate  the  plans  of  the 
different  devices  employed  in  instrumental  calculations,  which  are 
rendered  obscure  and  perplexing  to  most  practical  men  by  their  ig- 
norance of  the  proper  application  of  logarithms. 

Logarithms  are  artificial  numbers  which  stand  for  natural  num- 
bers, and  are  so  contrived,  that  if  the  logarithm  of  one  number  be 
added  to  the  logarithm  of  another,  the  sum  will  be  the  logarithm 
of  the  product  of  these  numbers ;  and  if  the  logarithm  of  one  num- 
ber be  taken  from  the  logarithm  of  another,  the  remainder  is  the 
logarithm  of  the  latter  divided  by  the  former ;  and  also,  if  the  logar 
ritnm  of  a  number  be  multiplied  by  2,  3,  4,  or  5,  &c.,' we  shall  have 
the  logarithm  of  the  square,  cube,  &c.,  of  that  number ;  and,  on  the 
other  hand,  if  divided  by  2,  3,  4,  or  5,  &c.,  we  have  the  logarithm 
of  the  square  root,  cube  root,  fourth  root,  &;c.,  of  the  proposed  num- 
ber ;  so  that  with  the  aid  of  logarithms,  multiplication  and  division 
are  performed  by  addition  and  subtraction;  and  the  raising  of 
powers  and  extracting  of  roots  are  effected  by  multiplying  or  di- 
viding by  the  indices  of  the  powers  and  roots. 

In  the  table  at  the  end  of  this  work,  are  given  the  logarithms  of 
the  natural  numbers,  from  !•  to  1000000  by  the  help  of  differences; 
in  large  tables,  only  the  decimal  part  of  the  logarithm  is  given,  as 
the  index  is  readily  determined ;  for  the  index  of  the  logarithm  of 
any  number  greater  than  unity,  is  equal  to  one  less  than  the  num- 
ber of  figures  on  the  left  hand  of  the  decimal  point ;  thus, 

The  index  of  12345-  is  4-, 

1234-5  -  3-, 

123-45  -  2-, 

12-345  -  1-, 

1-2345  -  0- 
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The  index  of  any  decimal  fraction  is  a  negative  number  eqnal  to 
one  and  the  number  of  zeros  immediately  following  the  decimal 
point;  thus,  _ 

The  index  of  •00012346  is  ~4-  or  ¥• 

-0012345    is  -8-  or  3- 

-012345      is  -2-  or  2- 

-12345       is  -1-  or  1- 

Because  the  decimal  part  of  the  logarithm  is  always  positive,  it 
is  better  to  place  the  negative  sign  of  the  index  above,  instead  of 
before  it;  thus,  8-  instead  of  —8.  For  the  log.  of  -00012345  is 
better  expressed  by  4-0914911,  than  by  —4-0914911,  because  only 
the  index  is  negative — i.  e.y  4  is  negative  and  -0914911  is  positive, 
and  may  stand  thus,  —4-  +  -0914911. 

Sometimes,  instead  of  employing  negative  indices,  their  cpmple- 
ments  to  10  are  used : 

for  ¥-0914911  is  substituted  6-0914911 

—  3-0914911 7-0914911 

—  2-0914911 8-0914911 

&c.  &c. 

When  this  is  done,  it  is  necessary  to  allow,  at  some  subsequent 
stage,  for  the  tens  by  which  the  indices  have  thus  been  increased. 

It  is  BO  easy  to  take  logarithms  and  their  corresponding  numbers 
out  of  tables  of  logarithms,  that  we  need  not  dwell  on  the  method 
of  doing  so,  but  proceed  to  their  application. 

MULTIPLICATION  BY  LOGAEITHMS. 

Take  the  logarithms  of  the  factors  from  the  table,  and  add  them 
together ;  then  the  natural  number  answering  to  the  sum  is  the 
product  required :  observing,  in  the  addition,  that  what  is  to  be 
carried  from  the  decimal  parts  of  the  logarithms  is  always  positive, 
and  must  therefore  be  added  to  the  positive  indices ;  the  difference  be- 
tween this  sum  and  the  sum  of  the  negative  indices  is  the  index  of  the 
logarithm  of  the  product,  to  which  prefix  the  sign  of  the  greater. 

This  method  will  be  found  more  convenient  to  those  who  have 
only  a  slight  knowledge  of  logarithms,  than  that  of  using  the  arith- 
metical complements  of  the  negative  indices. 

1.  Multiply  3T-153  by  4-086,  by  logarithms. 

No9.  Logs, 

87-153 1-5699939 

4-086 .0-6112984 

Prod.  151-8071 2-1812923 

2.  Multiply  112-246  by  13-958,  by  logarithms. 

Nb3.  Logs. 

112-246 2-0501709 

13-958 1-1448232 

Prod.  1566-729 3-1949941 
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8.  Multiply  46-7512  by  -8275,  by  logarithms. 

Nbs,  Log9. 

46-7512 1;6697928 

•3275 1-5152113 

Prod.  15-31102 1-1850041 

Here  the  +1  that  is  to  b«  carried  from  the  decimals,  cancels 
the  —1,  and  consequently  there  remains  1  in  the  upper  line  to  be 
set  down. 

4.  Multiply  -37816  by  -04782,  by  logarithms. 

Nos.  ___    Logs. 

-37816 .1-5776756 

-04782 2-6796096 

Prod.  0-0180836 .2-2572852 

Here  the  +1  that  is  to  be  carried  from  the  decimals,  destroys 
the  —1  in  the  upper  line,  as  before,  and  there  remains  the  —2 
to  be  set  down. 

5.  Multiply  3-768,  2-053,  and  -007693,  together. 

Nos.  Loffs. 

3-768 0-5761109 

2053 0-3123889 

•007693 3-8860957 

Prod.  -0595108 .2-7745955 

Here  the  +1  that  is  to  be  carried  from  the  decimals,  when  ad- 
ded to  —3,  makes  —2  to  be  set  down. 

6.  Multiply  3-586,  2-1046,  -8372,  and  -0294,  together. 

Nos.  Logs. 

3-586 0-5546103 

21046 0-3231696 

•8372 .r9228292 

•0294 2-4683478 

Prod. -1857618 1-2689564 

Here  the  +2  that  is  to  be  carried,  cancels  the  —2,  and  there 
remains  the  —1  to  be  set  down. 

DIVISION  BY  LOaARITHMS. 

From  the  logarithm  of  the  dividend,  subtract  the  logarithm  of 
the  divisor ;  the  natural  number  answering  to  the  remainder  will  be 
the  quotient  required. 

Observing,  that  if  the  index  of  the  logarithm  to  be  subtracted  ia 
positive,  it  is  to  be  counted  as  negative,  and  if  negative,  to  be  con- 
sidered as  positive ;  and  if  one  has  to  be  carried  from  the  decimals, 
it  is  always  negative :  so  that  the  index  of  the  logarithm  of  the 
quotient  is  equal  to  the  sum  of  the  index  of  the  dividend,  the  index 
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of  the  divisor  Witli  its  sign  changed,  and  ^1  when  1  is  to  be 
carried  from  the  decimal  part  of  the  logarithms. 

1.  Divide  4768-2  by  86-954,  by  logarithms. 

Not.  Logs, 

4768-2 8-6783545 

86-954 1-5676615 

Quot.  129-082 2-1106980 

2.  Divide  21-764  by  2-4678,-  by  logarithms. 

No».  Logs. 

21-754 1-8875891 

2-4678 .0-3923100 

Quot.  8-81514 0-9452291     . 

8.  Divide  4-6257  by  -17608,  by  logarithms. 

iV^.  Logs. 

4-6257 .0-6651775 

•17608 1-2457100 

Quot.  26-27045 1-4194675 

Here  the  —1  in  the  lower  index,  is  changed  into  +1»  which  is 
ihen  taken  for  the  index  of  the  result. 

4.  Divide  -27684  by  5-1576,  by  logarithms. 

Nos.  ^  Logs. 

•27684 1-4422288 

5-1576 0-7124477 

Quot.  •0586761 .2-7297811 

Here  the  1  that  is  to  be  carried  from  the  decimals,  is  taken  as 
—1,  and  then  added  to  —1  in  the  upper  index,  which  gives  —2 
for  the  index  of  the  result. 

5.  Divide  6-9875  by  -075789,  by  logarithms. 

iV^.  Logs. 

6-9875 .0-8448218 

•075789 >.2-8796062 

Quot.  92-1967 1-9647156 

Here  the  1  that  is  to  be  carried  from  the  decimals,  is  added  to 
—2,  which  makes  —1,  and  this  put  down,  with  its  sign  changed, 
is+l. 

6.  Divide  -19876  by  -0012845,  by  logarithms. 

Nos.  ^Logs. 

•19876 1-2988290 

•0012345 8-0914911 

Quot.  161-0048 2^2068879 

Here  ^3  in  the  lower  index,  is  changed  into  +8,  and  this  ad- 
ded to  1,  the  other  index,  gives  +8  '—  1,  or  2. 

2D  i2 
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PROPORTION;   OR,  XHE  RULE  OF    THREE,  BY  LOGARITHMS. 

From  the  sum  of  the  logarithms  of  the  numbers  to  be  multiplied 
together,  take  the  sum  of  the  logarithms  of  the  divisors :  the  re- 
mainder is  the  logarithm  of  the  term  sought. 

Or  the  same  may  be  performed  more  conyenientlj,  for  any 
single  proportion,  thus :— !Find  the  complement  of  the  logarithm 
of  the  first  term,  or  what  it  wants  of  10,  by  beginning  at  the  left 
hand  and  taking  each  of  the  figures  from  9,  except  the  last  figure 
on  the  right,  which  must  be  taken  from  10 ;  then  add  this  result 
and  the  logarithms  of  the  other  two  figures  together:  the  snm, 
abating  10  in  the  index,  will  be  the  logarithm  of  the  fourth  term. 

1.  Find  a  fourth  proportional  to  87-125,  14*768,  and  185-279, 
by  logarithms. 

Log.  of  87125 1-5696665 

Complement 8-4803835 

Log.  of  14-768 1-1693217 

Log.  of  136-279 2-1812304 

Ans.  58-8128 1-7808856 

2.  Find  a  fourth  proportional  to  *65764^  -7186,  and  -84721,  Ij 
logarithms. 

Log.  of  -05764 2-7607240 

Complement 11-2392760 

Log-  of  -7186 1-8564872 

Log.  of  -34721 1-5405922 

Ans.  4-32868 0-6863554 

3.  Find  a  third  proportional  to  12-796  and  3*24718,  by  logarithms, 

Log.  of  12-796 1-1070742 

Complement 8-8929258 

Log.  of  3-24718 0-5116064 

Log.  of  8-24718 0-5116064 

Ans.  -8240216 .T-9159886 

INVOLUTION;  OR,   THB  RAISING  OP  POWERS,  Bt  LOGARITHMS. 

Multiply  the  logarithm  of  the  given  number  by  the  index  of 
the  proposed  power ;  then  the  natural  number  answering  to  the 
result  will  be  the  power  required.  Observing,  if  the  index  be  nega- 
tive, the  index  of  the  product  will  be  negative  ;  but  as  what  is  to 
be  carried  from  the  decimal  part  will  be  affirmative,  therefore  the 
difference  is  the  index  of  the  result.  . 

1.  Find  the  square  of  2-7568,  by  logarithms. 

Log.  of  2-7568 0-4404058 

2 

Square  7-599947 0-8808106 


THIS  APPLICATION  OP  L06ABITHMS.  889 

2.  Und  the  cube  of  7*0851,  by  logarithms. 

Log.  of  7-0861 0-8608460 

Cube  855-6625 2-5510380 

Therefore  856*6626  is  the  answer. 

8.  Find  the  fifth  power  of  •87461,  by  logarithms. 

Log.  of  -87451 r-9417648 

5 

Fifth  power  -5114695 ^7088240 

Where  6  times  the  negative  index  1,  being  —6,  and  +4  to 
carry,  the  index  of  the  power  is  1. 

4.  Find  the  865th  power  of  1-0045,  by  logarithms. 

Log.  of  1-0046 0-0019499 

866 

97496 
116994 
58497 

Power  5-148888 Log.  0-7117186 

EVOLUTION;  OB,  THE  EXTRACTION  OP  BOOTS,  BY  LOaARITHMS. 

Divide  the  logarithm  of  the  given  number  by  2  for  the  square 
root,  8  for  the  cube  root,  &;c.,  and  the  natural  number  answering 
to  the  result  will  be  the  root  required. 

But  if  it  be  a  compound  root,  or  one  that  consists  both  of  a  root 
and  a  power,  multiply  the  logarithm  of  the  given  number  by  the 
numerator  of  the  index,  and  divide  the  product  by  the  denomina- 
tor, for  the  logarithm  of  the  root  sought. 

Observing,  in  either  case,  when  the  index  of  the  logarithm  is 
negative,  and  cannot  be  divided  without  a  remainder,  to  increase 
it  by  such  a  number  as  will  render  it  exactly  divisible ;  and  then 
carry  the  units  borrowed,  as  so  many  tens,  to  the  first  figure  of  the 
decimal  part,  and  divide  the  whole  accordingly. 

1.  Find  the  square  root  of  27-465,  by  logarithms. 

Log.  of  27-466 2)1-4387796 

Root  5-2407 -7193898 

2.  Find  the  cube  root  of  36-6416,  by  logarithms. 

Log.  of  85-6415 8)1-5619560 

Root  3-29093 ; -5173186 

8.  Find  the  fifth  root  of  7-0825,  by  logarithms. 

Log.  of  7-0825 6)0-8501866 

Root  1-479285 -1700873 
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4.  Find  the  865tli  root  of  1*045,  by  logarithmfl. 

Log.  of  1-045 865)00191168 

Root  1-000121 00000524 

5.  Find  the  Talue  of  (-001284)^,  bj  logarithms. 

Log.  of  001284 8-0918152 

_2 

8)6-1826804 

Ana.  -00115047 .20608768 

Here  the  divisor  8  being  contained  exactly  twice  in  the  negatiTe 
index  —6,  the  index  of  the  qaotient,  to  be  pat  down,  will  be  —2. 

6.  Find  the  Talae  of  ('024554)',  by  logarithms. 

Log.  of  -024554 ."2-8901228 

2)6-1703669 

Ans.  -00884754 .3-5851884 

Here,  2  not  being  contained  exactly  in  —5,  1  is  added  to  it, 
which  gives  —8  for  the  quotient ;  and  the  1  that  is  borrowed  being 
carried  to  the  next  figure  makes  11,  which,  divided  by  2,  ^t«b 
-5851884  for  the  decimal  part  of  the  logarithm. 

MXTHOD  OF  OALOTTLATING  THE  LOOABITHH  01  AITT  QJTKS  HUMBB, 
AND  THE  NUHBBR  OOBRKSPONSINa  TO  AMT  OIVXN  UKtABITHM.  DIS- 
OOTXRBD  BT  OIITEB   BTKNE,  THE  AUTHOB   OF  THE  PaSSBNT  ^fOBK. 

The  succeeding  numbers  possess  a  particular  property,  whkh  is 
worth  being  remembered. 

log.  1-871288574288542  -  0-1371288574288542 
log.  1000000000000000  -  1-000000000000000 
log.  237-5812087598221  -  2-375812087593221 
log.  3550-260181586591  -  8-550260181586591 
log.  46692-46832877758  -  4-669246832877758 
log.  576045-6934135527  -  5-760456934135527 
log.  6834720-776754857  -  6-834720776754357 
log.  78974890-81398144  >  7-897489031398144 
log.  895191599-8267852  -  8-951915998267839 
log.  9999999999-999999  -  9-999999999999999 
Li  these  numbers,  if  the  decimal  points  be  changed,  it  is  evident 

the  logarithms  corresponding  can  also  be  set  down  without  any  eat 

cnlation  whatever. 

Thus,  the  log.  of  137-1288574288542  =  2-1371288574288542; 
the  log.  of  85-50260181586591  »  1;550260181586591; 
log.  •002875812087593221-8-875812087598221; 
log.  -0008951915998267852  -  4-951915998267852; 
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and  80  on  in  similar  cases,  since  the  change  of  the  decimal 
point  in  a  number  can  only  affect  the  whole  number  of  its  loga- 
rithm. 

These  numbers  whose  logarithms  are  made  up  of  the  same  digits 
■will  be  found  extremely  useful  Jiereafter.  We  shall  next  give  a 
simple  method  of  multiplying  any  number  by  any  power  of  11, 101, 
1001,  10001,  100001,  &o. 

This  multiplication  is  performed  by  the  aid  of  coefficients  of  a 
binomial  raised  to  the  proposed  power. 

(x  +  yY  ^x  +  y,  the  coefficients  are  1,  1. 

(x  +  yr  ^a^  +  2xy  +  y*,  the  coefficients  are  1,  2,  1. 

yx  +  yy  ^7?  +  Za^y  +  Say*  +  y*,  the  coefficients  are  1,  8,  8  1. 

The  coefficients  of  (a;  +  y)*are  1,  4,  6,  4,  1. 

—  —         \x  +  yy—  1,  6,  10, 10,  5,  1. 
_  _         \x  +  yf—l,  6,  15,  20,  15,  6,  1. 

—  —         Ix  +  yY—  1,  7,  21,  35,  85,  21,  7,  1. 

—  —         \x  +  yy—  1,  8,  28,  56,  70,  56,  28,  8,  1. 
_  _         \x  +  yY—  1,  9,  36,  84, 126, 126,  84,  36, 9, 1. 

Let  it  be  required  to  multiply  54247  by  (101)«. 

The  number  must  be  divided  into  periods  of  two  figures  when  the 
multiplier  is  101 ;  into  periods  of  three  figures  when  the  multiplier 
is  1001 ;  into  periods  of  four  figures  when  the  multiplier  is  10001 ; 
and  so  on. 


24 


2548 
13 
10 


oo'oo 
2o;oo 

70,50 

84'94 

8114 

I  8 


1 

6 

15 

20 

15 

6 


(54247)  X  (101)*  «  67  58  42  88  61,  true  to  10  places  of  figures. 

This  operation  is  readily  understood,  since  the  multipliers  for  the 
6th  power  are  1,  6, 15,  20, 15,  6,  1 ;  we  begin  at  a,  a  period  in  ad- 
yance,  and  multiply  by  6 ;  then  we  commence  at  i,  two  periods  in 
adyance,  and  multiply  by  15 ;  at  c^  three  periods  in  advance,  and 
multiply  by  20 ;  at  c2,  four  periods  in  advance  (counting  from  the 
right  to  the  left),  and  multiply  by  15 ;  the  period,  «,  should  be 
multiplied  by  6,  but,  as  it  is  blank,  we  only  set  down  the  8  carried 
from  multiplying  (2,  or  its  first  figure  by  6. 

As  it  is  extremely  oasy  to  operate  with  1,  5,  10,  10,  5,  1,  the 
multipliers  for  the  5th  power,  it  may  be  more  convenient  first  to 
multiply  the  given  number  by  (101)',  and  then  by  (101)* ;  because, 
to  multiply  any  number  by  5,  we  have  only  to  affix  a  cipher  (or 
suppose  it  affixed)  and  to  take  the  half  of  the  result. 

The  above  example,  if  worked  in  the  manner  just  described,  will 
stand  as  follows : 

2d2 
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d 

64 
2 


h 

70 
23 
42 


542 


(64247)  X  (101)*  =  67 


41 


42 


0141 


....1 

....5..a 
..10..6 
..10..C 
....b..d 
....1 


19 
42 


67  68  42  88  61  -  (64247)«  x  (101)». 

The  troth  of  tliis  is  readilj  shovn  hj  eommon  moltiplieation,  but 
the  process  is  cumbersome.  However,  for  the  sake  of  eompuison, 
ve  shidl  in  this  instance  multiply  64247  by  (101)  raised  to  the  6th 
power. 

101 
101 

101 
1010 


10201  -  (IQlf. 
101 


10201 
102010 

10S0801  -  (101)». 
101 

1080301 
10808010 

104060301  -  (lom 
101 

104060401 
1040604010 

10610100601  =  (101)*. 
101 

10610100601 
106101005010 

1061620160601  -  (101)«. 
64247 


7430641054207 
4246080602404 
2123040801202 
4246080602404 
5807600753006 


5758428860|9662447  the  required  product, 
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vhich  shows  that  the  former  process  gives  the  result  trae  to  10 
places  of  fignres,  of  which  we  shall  add  another  example. 

Multiply  84567812  bj  (1001)*,  so  that  the  result  may  be  true  to 
12  places  of  figures. 


b 
3456 
2 


78120000 
765412496 
9:6790 
19 


.,..1 

....8..^ 
..28..6 
..56..0 


3459  5475  9805  the  required  product. 

The  remaining  multipliers,  70,  56,  28,  8,  1,  are  not  necessary  in 
obtunine  the  first  12  figures  of  the  product  of  34567812  by  10001 
in  the  Sta  power. 

As  28  and  56  are  large  multipliers,  the  work  may  stand  thus 


0000 
2496 
9186 
7654 
17 
2 


b 

a 

8456 

7812 

2 

7654 

6 

2 

Result,  »  845954759305  the  same  as  before. 

Perhaps  this  product  might  be  obtained  with  greater  ease  by  first 
multiplying  84567812  by  (10001)*,  and  the  product  by  (10001)^ 
the  operation  will  stand  thus : 

845678120000 1 

172889060 5 

84568 10 

8 10 

845850093681  «  84567812  x  (10001/. 

108755298 8 

10876 8 

845954759805  —  twelye  places  of  the  product  of 
S4667812  by  (10001/  x  (10001/  =  (84567812)  x  (10001)'. 

Although  these  methods  are  extremely  simple,  yet  cases  will  oc- 
cur, when  one  of  them  will  have  the  preference. 

Our  next  object  is  to  determine  the  logarithms  1*1 ;  1*01 ;  1*001 ; 
1-0001;  1*00001;  &c 

It  is  well  known  that 

log.  (1  +  n)  =  M  (n  -  K  +  K  -  iw^  +  K  —  K  +  &«•) 
M  being  the  modulus,  »  -432944819082618276511289,  &c. 

It  is  evident  that  when  n  is  ^,  ^,  xAv,  xvfovy  ^<^'f  ^^^  calcula- 
tion becomes  very  simple. 
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M  -  -4342944819032518 
i  M  -  -2171472409516259 
i  M  -  -1447648273010839 
} M  -  -1085736204758130 
} M  -  -0868588963806504 
J  M  - -0723824186505420 
^  M  -  -0720420788433217 
J  M  -  -0542868102879065 
}  M  -  -0482549424336946 
AM  -  -0434294481903252 

ke.  kc,  are  constants  employed  to  determiite 
the  logarithms  of  11, 101, 1001, 100001,  ke. 

To  compute  the  log.  of  1-001.  In  this  case  n  =>  ^. 
+   iJJo  "  -0004342944819033  positive 

~  (i^  -  -0000002171472410  negatiye 
•0004340773346623 


(1000)» 


-0000000001447648  positive 
-0004340774794271 


—  riQQQY  ""  -0000000000001086  negative 
-0004340774798185 


IM 


0000000000000001  positive 
0004340774793186  -  the  log.  of  1-001; 


^  (1000)* 

trne  to  nxteen  places. 

It  is  almost  nnnecessarj  to  remark,  that,  instead  of  adding  and 
subtracting  alternately,  as  above,  the  positive  and  negative  terms 
may  be  summed  separately,  which  will  render  the  operation  more 
concise. 


PotUwe  Term*. 
-0004342944819033 
1447648 
1 

-0004342945266682 
000000217473496 


NegaHoe  Tetmt'. 
•0000002171472410 
1086 

-0000002171473496 


•0004840774793186  =  log.  1-001. 

In  a  similar  manner  the  succeeding  logarithms  may  be  obtained 
to  almost  any  degree  of  accuracy. 
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Log. 


11 

» -041892685158225  &c.  which 

we  call  A 

101 

-  -004821878782648 



—  B 

1001 

-  -000484077479819 

_ 

—  C 

1-0001 

=  -000048427276863 

__ 

—  D 

1-00001 

» -000004842928104 

•_ 

—  E 

1-000001 

»>  -000000434294265 

__ 

—  F 

1-0000001 

-  -000000048429447 

— 

—  G 

1-00000001 

-  -000000004842945 

_ 

—  H 

1-000000001 

« -000000000484295 

..^ 

—   I 

1-0000000001 

=  -000000000048480 

.  __ 

—   J 

1-00000000001 

« -000000000004843 

_— 

—  K 

1-000000000001 

« -000000000000484 

... 

—  L 

1-0000000000001 

-  -000000000000043 

.^ 

—  M 

1-00000000000001  -  -000000000000004 

_— 

•^  N 

&c. 

ke. 

ke. 

T^thont  further  formalitj  or  paraphernalia,  for  it  is  presumed 
that  such  is  not  necessarjr,  we  shall  commence  operating,  as  the 
method  can  be  acquired  with  ease,  and  put  in  a  clearer  point  of 
view  by  proper  examples. 

Beqnired  the  logarithm  of  542470,  to  seven  places  of  decimals. 


54 


24 


825 
8 


70 
48 
18 
10 


20 

71 

85 

8 


6758 
1 


4284 

7275 

8 


6B  «  -02592824 


Take  67601562  =  8D  =  -00013028. 
From576  04  569 


676) 


007 
880 


27 
15 


5E  -  -00002171 


2P- -00000087 


2G=j00000009 

-02608119  Take 
5-76045693  From 


Hence  we  have  log.  542470  «■  5-78437574,  which  is  correct 
to  seven  decimal  places. 

6  B  is  written  to  represent  6  tim«s  the  log.  of  1-01. 

The  nearest  number  to  542470,  whose  log.  is  composed  of  the 
same  digits  as  itself,  being  576045-6984,  so.,  our  object  was  to 
raise  542470-  to  576045-69  by  multiplying  542470-  by  some  power 
or  powers  of  1-1, 1-01, 1-001, 1-0001,  &c. 
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It  is  here  necesflar  j  to  remark,  that  A  is  not  employed,  because 
the  given  number  multiplied  by  I'l,  vould  exceed  576045^9 ;  for 
a  like  reason  G  is  omitted. 

Again,  -vfhen  half  the  figures  coincide,  the  process  may  be  per- 
formed (as  above)  by  common  division ;  the  part  which  coincides 
becoming  the  divisor ;  thus,  in  finding  6  £,  576  is  divided  into  3007, 
it  goes  5  times,  the  £  showing  that  there  are  five  figures  in  eadi 
period  at  this  step.  For  A,  there  is  but  one  figure  in  each  period; 
for  B,  there  are  two  figures ;  for  C,  there  are  three  figures  in  each 
period,  and  so  on. 

Let  it  be  required  to  calculate  the  logarithm  of  2785*9^  true  to 
seven  places  or  decimals. 

It  will  be  found  more  convenient,  in  this  instance,  to  bring  the 
given  number  to  8550-26018,  the  log.  of  which  is  8-55026908. 


00 
00 


0 


8  8170 

168 

8 


93 

54 

87 

8 


85428 
70 

908 

858 

35 

Take  35499 
From  85502 

801 
602 

855) 2 

2 

801 
485 

90 -2A- -08278537 
70 
09 
87 
2 


6B  =  -02160687 

2  0  =  -00086815 

7E- -00003040 

8F  -»  -00000347 

.9a  =  -00000039 


16 

84 


Take     -10529465 
From  3-55026018 


log.  2785-9  =  8-44496553 

At  the  Observatory  at  Paris,  g  =  9-80896  metres,  the  second 
being  the  unit  of  time,  what  is  the  logarithm  of  9-80896  ? 
In  this  example,  we  shall  bring  9-80896  to  9-99999,  &c. 
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847 


98|08|96!00{00 
98108  9  6  00 


9  9  0,704 

8|916 

85 


960 

344 

665 

88 


9996:5705 

2,9989 

8 


32 
72 
00 


99995169804: 
8199988 
6 

Take  9999969793 
From  10000000000 

80207 

From  which  ve  hare 8F  = 

2H  = 
7J  - 

Take 


IB  =  -0043218738 


9  0  =  -0039066978 


8  D  =  -0001302818 


4  E  =  -0000173717 


•0000013029 
-0000000087 
-0000000008 

-0083770365 
From  1-0000000000 

•9916229635 


Log.  9-80896 

As  before  observed,  9  C  might  hare  been  obtained  in  the  follow- 
ing manner : 


890 
4 


704 
958 
9 


960 

524 

907 

9 


1 B,  as  above. 


5  times  9  9  516  6  8 

3;982 

5 


401 
673 
978 
4 


4 times  999  6570532  -9C. 

A  French  metre  is  equal  to  3-2808992  English  feet,  required 
the  log.  of  3-2808992. 


229 

6 


8517568018 


92;00...once 
2d{44...  7  times  from  a 

9S88...21  —  b 

4831. ..85  —  e 

1148...35  —  d 

\  T...21  —  e 

B7. 
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The  manner  in  which  B  7  is  obtained  is  worthy  of  remark :  the 
multipliers  being  1,  7,  21,  85,  85,  21,  7,  1,  when  7  times  the  first 
line  (commencing  with  the  period  marked  a)  is  obtained,  21  times 
the  same  line  (commencing  with  the  period  marked  b)  is  determined 
by  multiplying  the  2d  line  by  8.  If  the  2d  line  be  again  multiplied 
by  5,  we  have  the  4th  line  of  the  multiplier  85;  bat  to  multiply 
by  5,  we  haye  only  to  take  the  half  the  product  produced  by  mul- 
tiplying by  7,  advancing  the  result  one  figure  to  the  right.  Henee, 
to  find  the  result  for  35  is  almost  as  easy  as  to  find  the  result 
for  5. 

But  the  object  in  thb  case  being  to  bring  the  proposed  number 
to  85502601815,  the  process  must  be  continued. 

b 

7561 

1165f 


1        851 


9  8 

86 
84  29;6 


a 
801 
811 
12  663 


8  «  B  7,  as  above. 
2 


354  935  8058 -C9 

The  2d  (or  9)  line  is  produced  by  beginning  at  a,  but  the  multi- 
plication may  be  performed  by  subtracting  8517568  from  85175680; 
the  86  line  is  produced  by  beginning  at  6,  observing  to  carry  from 
the  preceding  figure,  making  the  usual  allowance  when  the  number 
is  followed  by  5,  6,  7,  8,  or  9.  The  86  line  may  be  produced  by 
multiplying  the  9  line  by  4,  beginning  one  period  more  to  the  left. 
To  multiply  by  84  is  not  apparently  so  convenient,  for  84  X  852  = 
29|568 ;  and  as  only  one  figure  of  the  period  568  is  required,  when 
the  proper  allowance  is  made,  the  result  becomes  29J6. 

But,  since  84  is  equal  to  36  X  2^,  we  have  only  to  multiply  the 
86  line  by  2,  and  add  ^  of  it ;  with  such  management,  the  work 
will  stand  thus : — 

851'756|801[8  =  B  7,  as  before 
8il65  811  2  «    9  times 
12|668!2  »  86  times 

24;8  =  72  times  \  _  o .  ,.    ,, 
^  -  12  times  i  ^^*  *™*^ 


364935  305  8  =  0  9 

This  amounts  to  very  little  more  than  adding  the  above  numbers 
together. 

Many  other  contractions  will  suggest  themselves,  when  the  mul- 
pliers  are  large:  thus,  to  multiply  any  number  57887  by  9,  as 
alluded  to  above,  is  easily  effected,  by  the  following  well-known 
process : — Subtract  the  first  figure  to  the  right  from  10,  the  second 
from  the  first,  the  third  from  the  second,  and  so  on. 

{678370... ten  times 
67837. ..once 
620533... nine  times 
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Such  simple  observations  are  to  be  found  in  every  book  on  men- 
tal arithmetic,  and  therefore  require  but  little  attention  here. 
The  whole  work  of  the  previous  example  will  stand  thus : — 


82 

2 


80 

29 

6 


89 
66 
88 
11 


92 
29 
98 
48 
11 


00 
44 
88 
81 
48 


+  7 


B7- 


61 
8 


756 

165 

12 


801 

811 

668 

29 


8  « -0802496165  «7B 

2 

2 

6 


C9-8549 


3530 
7098 


58 
71 
85 


•0039066978  -  9  0 


D2 


Take  E  5 
From 


8  5  5  0  0!6  2  9  6  4  -  -0000868546 
l|7  7  5  0  8 
4 


2D 


8550240471 
8550260182 


8550). 
P5 


65 
H5 

12 

J3 


9711 
7750 


961 

775 


86 

78 


•0000217146  -  5B 

•0000021715  =  5P 

•0000002172  -  5  G 
•0000000217  -  5  H 

•0000000009  -12 

•0000000001  =  J  8 


Take    ^0342672944 
From  8-5502601816 


Log.  8280-8992  -  3-5159928972 
.-.  log.  3-2808992  -  0-5159928972. 

The  constant  sidereal  year  consists  of  365-25636516  days ;  what 
is  the  log.  of  this  number? 

In  this  case  it  is  better  to  bring  the  eorutant  85502601816  to 
36525636516,  instead  of  bringing  the  given  number  to  the  con- 
stant, as  in  the  former  examples. 
21 


^fe 


850 
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85 


5012  6 

7 1|0  0 
8  5 


01 
52 
60 


81 
03 

26 


B2 


C8 


862 
2 


162 

897 

10 


041 

296 

140 

20 


12 
33 
54 

28 


8650 
1 


6  9  4  9,8  2  7 

8253475 

316  51 


Take  D5<-86525206953« 
From  36525636516 


•0086427476  =  2  B 


•0034726298  =  80 


•0002171364  =  50 


86525-2) 
El- 

Fl- 

G7- 

H6  = 

10 

J7- 


429563 
365252  = 


64311 
36525  = 


0000043429  =  IE 


0000004343  =  IF 


2|7  7  8  6 
2I5  5  6  8 

2,218 
2191 


•0000008040  -  7  G 


-  -0000000261  =  6  H 


2,7 

25 


•0000000003  =  7J 


•0123376214 
Add  3^6602601816 

Hence,  log.  8652-6636516  -  3'6625978030 

.•.     log.  366-25636616  =  2^562597803. 

M.  Begaaolt  determined  vith  the  greatest  care  the  densitr  of 

mercury  to  be  18'69593  at  the  temperature  0°,  centigrade.    It  is 

required  to  calculate  the  log.  of  13*59593,  to  eight  places  of  decimals. 

In  this  case  it  is  better  to  bring  the  given  number  to  the  eonttant 


1371288574. 


08 


Subtract  D  5 
From 


1  3  5:9  5  9 

110  8  7 

3 


300 

674 

807 

8 


.  1 3  7  0,5  0  7  818  = 
|6  8  5  25  • 

14 

137119828 
137128857 


•003472680  =  80 


•000217136 -5D 


9,529- •000026068 -E6 

E6  =  8|22  7 


13 
F9-  12 

H5  = 


02 
34 


•000008909  =  F  9 


8 
9  = 


000000022  =  H5 


•003719756 


AFPUOATION  09  LOaARITHMS. 


851 


Take  -003719755 
From  -187128857 


log.  1-359598 
.log.  18-59598 


-183409102 
1-138409102. 


TO  SETKBMINB  THE  ITUMBEB  CORBESPOKDHra  TO  A  GITEIT  LOOARITHH. 

This  problem  has  been  very  much  neglected — so  much  so,  that 
none  of  onr  elementary  books  ever  allude  to  a  method  of  comput- 
ing the  number  answering  to  a  given  logarithm.  When  an  opera- 
tion is  performed  by  the  use  of  logarithms,  it  is  very  seldom  that 
the  resulting  logarithm  can  be  found  in  die  table ;  we  have,  there- 
fore, to  find  the  nearest  less  logarithm,  and  the  next  greater,  and 
correct  them  by  proportion,  so  that  there  may  be  found  an  inter- 
mediate number  that  will  agree  with  the  given  logarithm,  or  nearly 
80.  But  although  the  proportional  part%  of  the  difference  abridge 
this  process,  we  can  only  find  a  number  appertaining  to  any  loga- 
rithm to  seven  places  of  figures  when  usii\g  our  best  modem  tables. 
As,  however,  the  tabular  logarithms  extend  only  to  a  degree  of 
approximation,  fixed  generally  at  seven  decimal  places,  all  of  which, 
except  those  answering  to  the  number  10  and  its  powers,  err,  either 
m  excess  or  defect,  the  maximum  limit  of  which  is  ^  in  the  last 
decimal,  and  since  both  errors  may  conspire,  the  7th  figure  cannot 
be  depended  on  as  strictly  true,  unless  the  proposed  logarithm  falls 
between  the  limits  of  log.  10000  and  log.  22200. 

Indubitably  we  are  now  speaking  of  extreme  cases,  but  since  it 
is  not  an  unfrequent  occurrence  that  some  calculations  require  the 
most  rigid  accuracy,  and  many  resulting  logarithms  may  be  ex- 
tended beyond  the  limits  of  the  table,  this  subject  ought  to  have 
a  place  in  a  work  like  the  present.  It  is  not  part  of  the  present 
design  to  enter  into  a  strict  or  formal  demonstration  of  the  follow- 
ing mode  of  finding  the  number  corresponding  to  a  given  logarithm, 
as  the  operation  will  be  fully  expluned  by  suitable  examples. 

What  number  corresponds  to  the  logarithm  8-4449555  ? 

The  next  less  constant  log.  to  the  one  proposed  is  2-87581209, 
or  rather,  3-37581209,  when  the  characteristic  or  index  is  increased 
by  a  unit.  Secondly. 


First  from  8-44496555 
take  8-37581209 

-06915346 
-04139269 


87581209  constant 
23758121  =  A1 


lA 

-02776077 
•02592824=- 6  B 


2  6{13 

l|5  6 
8 


39 

80 

92 

5 


.183258 
173631 


33 
36 
00 
22 
3 


,9622 
8685 

..987 


40 


2D 


27  7 
1 


416 

109 

1 


965 
668 
664 
1 


B6 


2785|2829|8-C4 


852 
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869 


2E 


27852829 
j5570 


.68 
43-lF 

.25 
22 


27858 


5G 


40 

|2 
1 


3-7H 


C4 


D2 
E2 
Fl 
G5 
H7 


278590016 
.•.  2785-90016  is  the  number  sought. 
What  number  corresponds  to  the  logarithm  5*73437574? 
When  the  index  of  this  log.  is  rednced  by  a  nnit,  the  nearest 
next  kea  constant  is  4-66924683. 
From  4-73437574 
Take  4-66924683 


•6512891 
4139269. 


lA 


Then,  4 


•2373622 

2160687 5B 

•- 212035 

173631 4  C 

...39304 

89085 9D 

219    There  is  neither  the  eqoal  of 

217. 5  F  this  number,  nor  a 

2. OG  less,  obtainable  from 

2 4  H  B,;'-  BO,  or  B,  is 

~  omitted. 

66924683 
46692468 Al 


61136 

2|56 

5 


17 

80 

13 

5 


15 
85 
61 
13 
2 


539 

2 


816 

159 

3 


788. 

267 

239 


.B5 


641917  9  2  916 0  4 

48  7  7  81 
19|6 

D9 


64246 


7,2 
2.7 


.F5 
.H4 


642470006 
-.  642470-006  is  the  number  whose  logarithm  is  5-73487574. 
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Had  the  given  logarithm  represented  a  decimal  with  a  positive 
index,  the  required  number  vould  be  0-000054247,  &c. ;  or  if 
irritten  with  a  negative  index,  as  5'73437574,  the  result  would  be 
the  same,  fof  the  characteristic  5,  shows  how  many  places  the  fitBt 
significant  figure  is  below  unity. 
Required  the  number  corresponding  to  Ipg.  2-8727451. 
The  constant  100000000  is  the  one  to  be  employed  in  this  case. 
1-8727451  the  given  log.  minus  1  in  the  index. 
1-0000000 

•3727451 

8725842 9  A 


,2109 
1787. 

.872 
847. 

...25 
22. 

3 
3. 


.4D 


.8E 


.5P 


llO 
3 


0|0 
0 

010 
00 
00 
60 
8J4 
3 


..7G 

0  Constant 


OiO 
0 
0 
0 
0 
0 
6 


2357 


9485 

9432 

1 


2  8  5  8  8|9 

18 

1 


A9 


D4 
E8 
F6 
G7 


23590949 

.*.  285-90949  is  the  required  number,  and  the  seconds  in  the  di- 
urnal apparent  motion  of  the  stars. 

285-90949"  =  8'  55-90949". 

Let  it  be  required  to  find  the  hyperholie  logarithm  of  any 
number,  as  3-1415926586.  The  common  log.  of  this  number  is 
•49714987269  (83),  and  the  common  loe.  of  this  lo^.  isT-6964878. 

The  modulus  of  the  common  system  oflogarithms  is  -4342944819, 


kc. 


1 :  4342944819 

2b2 


; :  hyperbolic  log.  N :  common  log.  N. 

28 
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To  distingoish  the  hyperbolic  logwithm  of  the  nomber  S  from 
its  common  logarithm,  it  is  necessary  to  write  the  hyp.  log.  Log.  ^, 
and  the  common  logarithm  log.  N. 

Hence,  4342944819  x  Log.  N  -  log.  N; 
or  log.  (-4342944819)  +  log.  (log.  N)  -  log.  (log.  N). 
.-.  log.  (Log.  N)  -  log.  (log.  N)  -  1-6377848 ;  for  1-6377843  = 
log.  -4342944819.  _: 

Now,  to  work  the  above  example,  from  1-6964873 

take  F6877843 

•0587030,  the  nnmber 
corresponding  to  this  com.  log.  will  be  the  hyp.  log.  of  3-1415927. 
-0587030  must  be  reduced  to  -0000000  which  is  known  to  be  the 


log.  of  1 


0587030 
0413927 

.173103 

172855 

....248 

217 

31 

30 
1 


lA-11 


lA 
4B 

5E 

7P 
2G 


0  010  0:0  010 

440  0'0  00 
6  60  O'O 

14  40 
1 


1144  6:6 

|6 


4;4' 

72 
8,0 


t2l3 


»B4 

=  E5 
-F7 
-G2 


114472988 

.-.  1-14472988  is  the  hyperbolic  log.  of  8-1416927,  true  to  the 
last  figure ;  for  the  hyp.  log.  3-1415926535898  - 1-1447298858494. 

The  reason  of  this  operation  is  very  clear,  because 
1  X  1-1  X  (1-01)*  X  (1-00001)*  X  (1-000001)^  X  (1-0000001)'  = 
1-14472988. 

This  example  answers  the  purpose  of  illustration,  but  the  hyp. 
log.  of  8-1415927  can  be  more  readily  found  by  dividing  its  com. 
log.  -49714987269  by  the  constant  -4342944819,  which  is  termed 
the  modulus  of  the  common  system  of  logarithms. 

Suppose  it  is  known  that  1-3426189  is  the  lo^.  of  the  decimal 
which  a  French  litre  is  of  an  English  gallon.    Required  the  decimal 

The  index,  1,  may  be  changed  to  any  other  characteristic,  so  as 
to  suit  any  of  the  conttantt,  as  the  alteration  is  easUy  allowed  for 
when  the  work  is  completed.  In  this  instance,  it  is  best  to  put 
+1  instead  of  T. 


From  1-3426139 
Take  1-0000000 

•3426139 

8811415  -  8  A 

•0114724 
.  .86427  =  2  B 

28297 

26045  -60 
2252" 


1I0!00;00 


810 

218 

5 


o;o 

0:0 

60 

70 

6 


21]43|5  8,8  8|1 


OIO'O  Constant 
000 

o'olo 

0 
0 
0 
0 
0 
1 
=  A8 


00 

o;o 

00 

8'0 

8 
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2252 
2171- 

5D 

81 
48- 

IE 

38 
85- 

8F 

8 
8- 

7G 

21|4  3|58 

42|8  7 

21 


8  8] 
17 
48 


A8 


2 1  8|6  6  714  9  5  -  B  2 
181200  5 
8280 
4 

18  2  7  8^ 


2199 
1 


4 

09991 
22 


22009 


217 

22 

117 

7 


06 


9  7  -  D  5 
01-El 
61-F8 
54-G7 


220096918 
.\  The  Frenoh  litre  —  -2200969  English  gallons. 
In  measoring  h«ghtB  by  the  barometer,  it  is  necessary  to  know 
tiie  ratio  of  the  density  of  the  merenzy  to  that  of  the  air. 

At  Paris,  a  l&re  of  air  at  0°  centigrade,  nnder  a  pressure  of  760 
millimetres,  ireighs  1-298187  grammes.  At  the  level  of  the  sea, 
in  latitade  45°,  it  weighs  1-292697  grammes.  A  Hire  of  water, 
at  its  maximnm  density,  weighs  1000  grammes,  and  a  litre  of  mer- 
eory-,  at  the  temperature  of  0°  cent.,  weighs  13595-93  grammes : 
18595-98  ^ 

.-.  1.292697  ■■  *^®  '**^^  **  *^ 
Now,  log.  18595-98  -  4-188409102 
and  log.  1-292697  -  0-111496744 

4-021912858  —  the  log.  of  the  ratio  at  45°. 

To  find  thenamber  corresponding  to  this  log.,  it  is  necessary  to  reject 

the  index  for  the  present,  and  reduce  the  decimal  part  to  zero.    By 

this  means  the  necessity  of  using  any  of  the  constants  is  superseded. 


•021912358 
-021606869 

. . .  305489 
308991 

1498 

1808 


5B 


7D 


-8F 


1010  0 

'5  0 

1 


00 
00 
00 

1 


00 
GO 
00 
00 


0  0 
00 
00 
00 
50 


1051 


195 

174-4G 

21 

17-4H 

4 

4  =  91 

.     ,       . .         18595-93 
by  loganthms, 


0100 

7857 

2 


10  517  4|5i9 

|31 

4 


B5 


D7 
F3 
G4 
H4 

19 


105174961 
1-292697  °*  10517-49,  &c.,  which  is  easily 


verified  by  common  division. 
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M.  Begnanlt  found  that,  at  Paris,  the  litre  of  atmospheric  air 
weighs  1*293187  grammes ;  the  litre  of  nitrogen  1*256167  grammes; 
a  litre  of  oxygen,  1*429802 ,  grammes ;  of  hydrogen,  0-089578 
grammes ;  and  of  carbonic  acid,  1-977414  grammes.  But,  stricdj 
considered,  these  numbers  are  only  correct  for  the  locality  in  which 
the  experiments  were  made;  that  is  for  the  latitude  of  48^  50'  14'' 
and  a  height  about  60  metres  above  the  level  of  the  sea ;  M.  Beg- 
nault  finds  the  weight  of  the  litre  of  air  under  the  parallel  of  45^ 
latitude,  and  at  the  same  distance  from  the  centre  of  the  earth  as 
that  which  the  experiments  were  tried,  to  be  12*926697. 

Assuming  this  as  the  standard,  he  deduces  for  any  other  latitude^ 
any  other  distance  from  the  centre  of  the  earth,  the  formula, 
1*292697  (1*00001885)  (1  -  0*002837)  cos.  2x   . 


W  "• 


Here,  w  is  the  weight  of  the  litre  of  air,  R  the  mean  radios  of 
the  earth  »  6366198  metres,  h  the  height  of  the  place  of  obsem- 
tion  above  the  mean  radius,  and  *■  the  latitude  of  the  place. 

At  Philadelphia,  lat.  89°  56'  51*5",  suppose  the  radios  of  the 
earth  to  be  6867653  metres,  the  ireight  of  the  litre  of  aai  will  be 
1*2914892  grammes.  The  ratio  of  the  density  of  mercorj  to  that 
of  air  at  the  level  of  the  sea  at  Philadelphia  is  10527*735  to  1; 
required  the  number  of  degrees  in  an  arc  whose  length  is  equal  to 
that  of  the  radius. 
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As  8*1415926535898  : 1 


the  required  degrees. 


Log.  360 
log.  8*14159265359 

log.  2 


2*556302500767 
0*497149872694 

2*059452623078 
0*301029995664 


1*758122632409  »  the  log.  of  the 
number  required. 

When  the  index  of  this  log.  is  changed  into  4,  the  nearest  next 
less  constant  is  4*669246832878. 


From  4*758122632409 
Take  4*669246832878 

*088876799531 
2  A-    •82786370316 


4|6 
9 


6j9 
33 

46 


2|4 
84 
6|9 


3,2 

66 

6!8 


Constant 


IB- 


40  = 
7E« 


.6090429215 
4821373788 

.1769055432 
1736309917 

...32746515 
30400462 

....2846053 


56149,78  8  667 
56|4  9!7  8{8  6 


78i3  = 
6  78 


A2 


5701628 


21282 
8 


655 
514 
423 

2 


446 
621 
771 

282 


1 

8 
9 
5 
6 


Bl 


57291|45961|229  =  C4 
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6P  - 


sa 


9H 


91 


6  J 


8E 


5L 


.2S45058 
2171471 

..173582 
180288 

...48294 
89087 

....4207 
8909 

298 

261 

87 

85 

2 

2 


67291|45961 

4j01040 

12 


229-C4 

217 

081 


5729541701847 

21864778 

5 


6729576 
1 


69 
73 
62 
66 
88 
58 
29 


5729577951296. 
ber  required. 


E7 


F6 
68 
H9 
I  9 
J  6 
K8 
L6 

:  the  nam- 


But  the  original  index  is  1;  .-.  67-29577951295*'  are  the  num- 
ber of  degrees  in  an  arc  the  length  of  which  is  equal  to  that  of  the 
radius. 

The  above  result  may  be  easily  verified  by  common  division,  a 
method,  no  doubt,  which  would  be  preferred  by  many,  for  loga- 
rithms are  seldom  used  when  the  ordinary  rules  of  arithmetic  can 
be  applied  with  any  reasonable  facility.  However,  this  example, 
like  many  others,  is  introduced  to  show  with  what  ease  and  correct- 
ness the  number  corresponding  to  a  given  log.  can  be  obtained. 
The  extent,  also,  by  far  exceeds  that  obtainable  by  any  tables 
extant. 

Other  computations  give, 

r°  =  67-2957795130°  =-  67°  17'  44"  -80624 
the  degrees  in  an  arc  =  radius. 

r*  =  8487-7467707849'  =  8487'  44"  -80624 
the  minutes  in  an  arc  =*  radius. 

/'  =  206264-8062470968 
the  number  of  seconds  in  an  arc  =  radius. 

The  relative  mean  motion  of  the  moon  from  the  sun  in  a  Julian  or 
fictitious  year,  of  365i  days,  is  12  cir.  4  signs,  12°  40'  15-977315'  - 
16029615-977815". 

.-.  16029616-977815"  :  1  circumference  (=  129600") 
: :  865-25  days 
:  29-5805889216  days  —  the  mean  synodic  month. 

This  proportion  may,  for  the  sake  of  example,  bo.  found  by  loga- 
rithms. 

Log.  365-26 2-56269022460634 

log.  1296000 6-11260500153457 


log.  16029616-977816 


8-67619522614091 
7-20492311806406 

1-47027210808685 
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If  the  index  of  this  log.  be  made  2  instead  of  1,  the  nearest  next 
less  constant  will  be  2-375812087593221. 


From  2-47027210808685 
Take  2-37581208759322 

•09446002049363 
08278637081645 


2A 

2B-: 

60  - 

9D- 

8E- 

4F  - 

2G- 

5H  = 

71  - 

IJ  - 

5K- 

8L  - 
2N- 


.1167465017718 
864274756529 

. . 303190261189 
260446487591 

. . .42743773598 
89084549177 

....3659224421 
3474338483 


,184885938 
173717706 


.11168232 
8685889 

..2482343 
2171473 

...310870 
304006 

6863 

4343 


.2520 
2172 


.348 
347 


3,7,5 

47|5 
2{3 


62!4 
5|8|1 


7'5  9  3|2!2  Const. 


^C' 


7  5,1864 
0i8i7  5,9,3 


28 


74 
57 


73 


4946 


28 


74 


293 
1 


261 


26 


26,9  8;77j9  =  2A 
5  2519  76 
73|26i2  6iO 


476 


759508 
398 
6 


177 
861 

772 

865 

4 


015  =  2B 
062 
128 
029 
399 
2 


2950;i538 

26551 

10 


8669 

3849 

6205 

24 


635»C6 
803 
540 
781 
4 


29528 
2 


10087 

36224 

8 


49763 
80700 
26787 
17 


295804 
1 


632057 

181218 

1 


267 
628 
772 


D9 


E8 


2953068 


1327756i7  =  F4 


590611613 


295806872 

14 
2 


:  3  3:817  3 

'  6  5  2  9 

►  6  7|14 

29,53 

14,76 

2:36 


:G2 

>H5 
17 
Jl 

E5 
L8 

.N2 


296305889217832 
.*.  29-5305889218  is  the  number  reqtdred. 
To  perform,  by  logarithms,  the  ordinary  operations  of  malt^U- 
cation,  division,  proportion,  or  even  the  extraction  of  the  square 
root,  except  in  the  way  of  illustration,  is  not  the  design  of  these 
pages ;  for  such  an  application  of  logarithms,  in  a  particular  man- 
ner only,  diminish  the  labour  of  the  operator.  It  is  not  necessary, 
however,  to  examine  minutely  here  the  instances  in  which  common 
arithmetic  is  preferable  to  artificial  numbers ;  besides,  much  wil! 
depend  on  the  skill  and  facility  of  the  operator. 
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TBIOOHOMETBT. 

ANGULAR  MAGNITUDES. — TRIGONOMETRY. — ^HEIGHT  AND  DISTANCES. — 
SPHERICAL  TRIGONOMETRY. — THE  APPLICATION  OF  LOGARITHMS  TO 
ANGULAR    MAGNITUDES. 

Plane  trigonometry  treats  of  the  relations  and  calculations  of 
the  sides  and  angles  of  plane  triangles. 

The  circumference  of  eyery  circle  is  supposed  to  be  divided  into 
360  equal  parts,  called  degrees ;  also  each  degree  into  60  minutes, 
each  minute  into  60  seconds,  and  so  on. 

Hence  a  semicircle  contains  180  degrees,  and  a  quadrant  90  de- 
grees. 

The  measure  of  any  angle  is  an  arc  of  any  circle  contained  be- 
tween the  two  lines  which  form  that  angle,  the  angular  point  being 
the  centre ;  and  it  is  estimated  by  the  number  of  degrees  contained 
in  that  arc. 

Hence,  a  right  angle  being  measured  by  a  quadrant,  or  quarter 
of  the  circle,  is  an  angle  of  90  degrees ;  and  the  sum  of  the  three 
angles  of  eyery  triangle,  or  two  right  angles,  is  equal  to  180  de- 
grees. Therefore,  in  a  right-angled  triangle,  taking  one  of  the 
acute  angles  from  90  degrees,  leayes  the  other  acute  angle ;  and 
the  sum  of  two  angles,  in  any  triangle,  taken  from  180  degrees, 
leaves  the  third  angle;  or  one  angle  being  taken  from  180  degrees, 
leaves  the  sum  of  the  other  two  angles. 

Degrees  are  marked  at  the  top  of  the  iSgure  with  a  small  ^,  mi- 
nutes with  ',  seconds  with  ",  and  so  on.  Thus,  57°  80'  12"  de- 
note 57  degrees  30  minutes  and  12  seconds. 

The  complement  of  an  arc,  is  what  it  wants  of 
a  quadrant  or  90°.  Thus,  if  AD  be  a  quadrant, 
then  BD  is  the  complement  of  the  arc  AB ;  and, 
reciprocally,  AB  is  the  complement  of  BD.  So  ^ 
that,  if  AB  be  an  arc  of  50°,  then  its  complement 
BD  will  be  40°. 

The  supplement  of  an  arc,  is  what  it  wants  of  il/ 
a  semicircle,  or  180°.  Thus,  if  ADE  be  a  semicircle,  then  BDE 
is  the  supplement  of  the  arc  AB  ;  and,  reciprocally,  AB  is  the  sup- 
plement of  the  arc  BDE.  So  that,  if  AB  be  an  arc  of  50°,  then 
its  supplement  BDE  will  be  180°. 

The  sine,  or  right  sine,  of  an  arc,  is  the  line  drawn  from  one 
extremity  of  the  arc,  perpendicular  to  the  diameter  passing  through 
the  other  extremity.  Thus,  BF  is  the  sine  of  the  arc  AB,  or  of 
the  arc  BDE. 

Hence  the  sine  (BF)  is  half  the  chord  (BG)  of  the  double  arc 
(BAG). 

The  versed  sine  of  an  arc,  is  the  part  of  the  diameter  intercepted 
between  the  arc  and  its  sine.  So,  AF  is  the  versed  sine  of  the  arc 
AB,  and  EF  the  versed  sine  of  the  arc  EDB. 
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The  tangent  of  an  arc  is  a  line  touching  the  circle  in  one  ex- 
tremity of  that  arc,  continued  from  thence  to  meet  a  line  drawn 
from  the  centre  through  the  other  extremity :  which  last  line  is 
called  the  secant  of  the  same  arc.  Thus,  AH  is  the  tangent,  and 
CH  the  secant,  of  ihe  arc  AB.  Also,  EI  is  the  tangent,  and  CI 
the  secant,  of  the  supplemental  arc  BDE.  And  this  latter  tangent 
and  secant  are  equal  to  the  former,  but  are  accounted  negative,  as 
being  drawn  in  an  opposite  or  contrary  direction  to  the  former. 

The  cosine,  cotangent,  and  cosecant,  of  an  arc,  are  the  sine, 
tangent,  and  secant  of  the  complement  of  that  arc,  the  co  being 
only  a  contraction  of  the  word  complement.  Thus,  the  arcs  AB, 
BD  beins  the  complements  of  each  other,  the  sine,  tangent  or  se- 
cant of  tne  one  of  these,  is  the  cosine,  cotangent  or  cosecant  of  the 
other.  So,  BF,  the  sine  of  AB,  is  the  cosine  of  BD ;  and  BK, 
the  sine  of  BD,  is  the  cosine  of  AB :  in  like  manner,  AH,  the 
tangent  of  AB,  is  the  cotangent  of  BD ;  and  DL,  the  tangent  of 
DB,  is  the  cotangent  of  AB :  also,  GH,  the  secant  of  AB,  is  the 
cosecant  of  BD ;  and  GL,  the  secant  of  BD,  is  the  cosecant  of  AB. 

Hence  seyeral  remarkable  properties  easily  follow  from  these 
definitions;  as, 

That  an  arc  and  its  supplement  have  the  same  sine,  tangent,  and 
secant ;  but  the  two  latter,  the  tangent  and  secant,  are  accounted 
negatiye  when  the  arc  is  greater  than  a  quadrant  or  90  degrees. 

When  the  arc  is  0,  or  nothing,  the  sine  and  tangent  are  nothing, 
but  the  secant  is  then  the  radius  GA.  But  when  the  arc  is  a 
quadrant  AD,  then  the  sine  is  the  greatest  it  can  be,  being  the  ra- 
dius GD  of  the  circle ;  and  both  the  tangent  and  secant  are  infinite. 

Of  any  arc  AB,  the  yersed  sine  AF, 
and  cosine  BE,  or  GF,  together  make 
up  the  radius  GA  of  the  circle.  The 
radius  GA,  tangent  AH,  and  secant 
GH,  form  a  right-angled  triangle  GAH. 
So  also  do  the  radius,  sine,  and  cosine, 
form  another  right-angled  triangle 
GBF  or  GBE.  As  also  the  radius, 
cotangent,  and  cosecant,  another  right- 
angled  triangle  GDL.  And  all  these 
right-angled  triangles  are  similar  to 
each  other. 

The  sine,  tangent,  or  secant  of  an 
angle,  is  the  sine,  tangent,  or  secant 
of  the  arc  by  which  the  angle  is  mea- 
sured, or  of  the  degrees,  &c.  in  the  same 
arc  or  angle. 

The  method  of  constructing  the  scales 
of  chords,  sines,  tangents,  and  secants, 
usually  engrayen  on  instruments,  for 
practice,  is  exhibited  in  the  annexed 
figure. 
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A  trigonometrical  canon,  is  a  table  exhibiting  the  length  of  the 
sine,  tangent,  and  secant,  to  every  degree  and  minute  of  the  quad- 
rant,  with  respect  to  the  radius,  which  is  expressed  by  unity,,  or  1, 
and  conceiyed  to  be  divided  into  10000000  or  more  decimal  parts. 
And  further,  the  logarithms  of  these  sines,  tangents,  and  secants 
are  also  ranged  in  tne  tables ;  which  are  most  commonly  used,  as 
they  perform  the  calculations  by  only  addition  and  subtraction, 
instead  of  the  multiplication  and  division  by  the  natural  sines,  &c., 
according  to  the  nature  of  logarithms. 

Upon  this  table  depends  the  numeral  solution  of  the  several 
cases  in  trigonometry.  It  will  therefore  be  proper  to  begin  with 
the  mode  of  constructing  it,  which  may  be  done  in  the  following 
manner: — 

To  find  the  sine  and  cosine  of  a  given  arc. 

This  problem  is  resolved  after  various  ways.  One  of  these  is  as 
follows,  yiz.  by  means  of  the  ratio  between  the  diameter  and  cir- 
comference  of  a  circle,  together  with  the  known  series  for  the  sine 
and  cosine,  hereafter  demonstrated.  Thus,  the  semi-circumference 
of  the  circle,  whose  radius  is  1,  being  8*141592658589793,  &c., 
the  proportion  will  therefore  be. 

As  the  number  of  degrees  or  minutes  in  the  semicircle. 
Is  to  the  degrees  or  minutes  in  the  proposed  arc, 
So  is  8*14159265,  &c.,  to  the  length  of  the  said  arc. 
This  length  of  the  arc  being  denoted  by  the  letter  a;  also  its 
sine  and  cosine  by  s  and  c;  then  will  these  two  be  expressed  by  the 
two  following  series,  viz. : — 

+  &c. 


"2.3"^ 

a* 
2.3.4.5 

a' 

o  - 

"  2.3.4.5.6.7 

a  - 

-^ 

a* 
120 

a' 
6040  +  *<'• 

1- 

-1  + 

2.8.4  ■ 

"^        1 

2.8.4.6.6  + 

o^      or*        **       ft, 
=  1—  2  +  24""720  ■^•*^^* 

If  it  be  required  to  find  the  sine  and  cosine  of  one  minute. 
Then,  the  number  of  minutes  in  180°  being  10800,  it  will  be  first, 
as  10800  :  1 : :  3-14159265,  &c. :  -000290888208665  =  the  length 
of  an  arc  of  one  minute.     Therefore,  in  this  case, 

a  =    -0002908882 
and  ia»  =    -000000000004,  &c. 
the  difference  is  s  ^    -0002908882  the  sine  of  1  minute. 
Also,  from      1- 
take  i(^  =  0-0000000423079,  &c. 
leaves  c  =    -9999999577  the  cosine  of  1  minute. 
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For  the  sine  and  cosine  of  5  degrees. 
.    Here,  as  180°  :  5*^  : :  3-14169265,  fcc,  :  -08726646  =  a  the 
length  of  5  degrees. 

Hence,  a  -  -08726646 

-  ia»  =  -  -00011076 
+     li^a*-  -00000004 

these  collected  give  «  —  -08715574  the  sine  of  S"*. 

And,  for  the  cosine,         1—1- 

^  ja'  =  -  -00880771 
+  ^^«   -00000241 

these  collected,  give  e  *9  -99619470  the  consine  of  5°. 

After  the  same  manner,  the  sine  and  cosine  of  any  other  arc 
may  be  computed.  But  the  greater  the  arc  is,  the  slower  the  series 
will  converge,  in  which  case  a  greater  number  of  terms  must  be 
taken  to  bring  out  the  conclusion  to  the  same  degree  of  exactness. 

Or,  having  found  the  sine,  the  cosine  will  be  found  from  it,  by 
the  property  of  the  right-angled  triangle  CBF,  viz.  the  cosine 
CF  =  ^/CB^  -  BF»,  or  c  «  ^1  -  «». 

There  are  also  other  methods  of  constructing  the  canon  of  sines 
and  cosines,  which,  for  brevity's  sake,  are  here  omitted. 

To  compute  the  tangents  and  secanti. 
The  sines  and  cosines  being  known,  or  found,  by  the  foregoing 
problem ;  the  tangents  and  secants  will  be  easily  found,  from  the 
principle  of  similar  triangles,  in  the  following  manner : — 

In  the  first  figure,  where,  of  the  arc  AB,  BF  is  the  sine,  CF  or 
BE  the  cosine,  AH  the  tangent,  GH  the  secant,  DL  the  cotangent, 
and  GL  the  cosecant,  the  radius  being  G A,  or  GB,  or  CD ;  the 
three  similar  triangles  GFB,  GAH,  CDL,  give  the  following  pro- 
portions : 

1.  GF  :  FB  : :  CA  :  AH ;  whence  the  tangent  is  known,  being 
a  fourth  proportional  to  the  cosine,  sine,  and  radius. 

2.  GF  :  GB  : :  GA  :  GH;  whence  the  secant  is  known,  being  a 
third  proportional  to  the  cosine  and  radius. 

3.  BF  :  FG  : :  GD  :  DL ;  whence  the  cotangent  is  known,  being 
a  fourth  proportional  to  the  sine,  cosine,  and  radius. 

4.  BF  :  BG  : :  GD  :  GL;  whence  the  cosecant  is  known,  being 
a  third  proportional  to  the  sine  and  radius. 

Having  given  an  idea  of  the  calculations  of  sines,  tangents,  and 
secants,  we  may  now  proceed  to  resolve  the  several  cases  of  trigo- 
nometry ;  previous  to  which,  however,  it  may  be  proper  to  add  a 
few  preparatory  notes  and  observations,  as  below. 

There  are  usually  three  methods  of  resolving  triangles,  or  the 
cases  of  trigonometry — namely,  geometrical  construction,  arith- 
metical computation,  and  instrumental  operation. 

In  the  first  method. — The  triangle  is  constructed  by  making  th^ 
parts  of  the  given  magnitudes,  namely,  the  sides  from  a  scale  of 
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equal  parts,  and  the  angles  from  a  scale  of  chords,  or  by  some 
other  instrument.  Then,  measuring  the  unknown  parts  bj  the 
same  scales  or  instruments,  the  solution  will  be  obtained  near 
the  truth. 

In  the  second  method. — Haying  stated  the  terms  of  the  propor- 
tion according  to  the  proper  rule  or  theorem,  resolve  it  like  any 
other  proportion,  in  which  a  fourth  term  is  to  be  found  from  three 
given  terms,'  by  multiplying  the  second  and  third  together,  and 
dividing  the  product  by  the  first,  in  working  with  the  natural  num- 
bers ;  or,  in  working  with  the  logarithms,  add  the  logs,  of  the 
second  and  third  terms  together,  and  from  the  sum  take  the  log. 
of  the  first  term ;  then  the  natural  number  answering  to  the  re- 
mainder is  the  fourth  term  sought. 

In  the  third  method. — Or  instrumentally,  as  suppose  by  the  log. 
lines  on  one  side  of  the  common  two-foot  scales ;  extend  the  com- 
passes from  the  first  term  to  the  second  or  third,  which  happens  to 
be  of  the  same  kind  with  it ;  then  that  extent  will  reach  from  the 
other  term  to  the  fourth  term,  as  required,  taking  both  extents 
towards  the  same  end  of  the  scale. 

In  every  triangle,  or  case  in  trigonometry,  there  must  be  given 
three  parts,  to  find  the  other  three.  And,  of  the  three  parts  that 
are  given,  one  of  them  at  least  must  be  a  side ;  because  the  same 
angles  are  common  to  an  infinite  number  of  triangles. 

All  the  cases  in  trigonometry  may  be  comprised  in  three  vari- 
eties only ;  viz. 

1.  When  a  side  and  its  opposite  angle  are  given. 

2.  When  two  sides  and  the  contained  angle  are  given. 

3.  When  the  three  sides  are  given. 

For  there  cannot  possibly  be  more  than  these  three  varieties  of 
cases ;  for  each  of  which  it  will  therefore  be  proper  to  give  a  sepa- 
rate theorem,  as  follows : 

When  a  side  and  its  opposite  angle  are  two  of  the  given  parts. 
Then  the  sides  of  the  triangle  have  the  same  proportion  to  each 
other,  as  the  sines  of  their  opposite  angles  have. 
That  is, 

As  any  one  side. 

Is  to  the  sine  of  its  opposite  angle ; 
So  is  any  other  side, 
To  the  sine  of  its  opposite  angle. 
For,  let  ABC  be  the  proposed  triangle,  having 
AB  the  greatest  side,  and  BO  the  least.     Take 
AD  =  BC,  considering  it  as  a  radius ;  and  let 
fall  the  perpendiculars  DE,  CF,  which  will  evi- 
dently be  the  sines  of  the  angles  A  and  B,  to  the  radius  AD  or 
BO.     But  the  triangles  ADE,  ACF,  are  equiangular,  and  there- 
fore AC  :  OF  : :  AD  or  BO  :  DE ;  that  is,  AO  is  to  the  sine  of  its 
opposite  angle  B,  as  BO  to  the  sine  of  its  opposite  angle  A. 

In  practice,  to  find  an  angle,  begin  the  proportion  with  a  side 
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opposite  a  given  angle.     And  to  find  a  side,  begin  with  an  angle 
opposite  a  given  side. 

An  angle  found  by  this  rule  is  ambigaous,  or  uncertain  whether 
it  be  acute  or  obtuse,  unless  it  be  a  right  angle,  or  unless  its  mag- 
nitude be  such  as  to  prevent  the  ambiguity ;  because  the  sine  an- 
swers to  two  angles,  which  are  supplements  to  each  other ;  and 
accordingly  the  geometrical  construction  forms  two  triangles  with 
the  same  parts  that  are  given,  as  in  the  example  below ;  and  when 
there  is  no  restriction  or  limitation  included  in  the  question,  either 
of  them  may  be  taken.  The  degrees  in  the  table,  answering  to  the 
sine,  are  the  acute  angle ;  but  if  the  angle  be  obtuse,  subtract  those 
degrees  from  180^,  and  the  remainder  will  be  the  obtuse  angle. 
When  a  given  angle  is  obtuse,  or  a  right  one,  there  can  be  no  am- 
biguity;  for  then  neither  of  the  other  angles  can  be  obtuse,  and. 
the  geometrical  construction  will  form  only  one  triangle. 

In  the  plane  triangle  ABC, 

{A6  345  yards 
BC  232  yards 
angle  A  87*^  20' 
Required  the  other  parts. 
Geometrically. — Draw  an  indefinite  line,  upon  which  set  off  AB 
»  345,  from  some  convenient  scale  of  equal  parts.  Make  the 
angle  A  =  37^^.  With  a  radius  of  232,  taken  from  the  same 
scale  of  equal  parts,  and  centre  B,  cross  AC  in  the  two  points  C,  C. 
Lastly,  join  BC,  BC,  and  the  figure  is  constructed,  which  gives 
two  triangles,  showing  that  the  case  is  ambiguous. 

Then,  the  sides  AC  measured  by  the  scale  of  equal  parts,  and 
the  angles  B  and  C  measured  by  the  line  of  chords,  or  other  in- 
strument, will  be  found  to  be  nearly  as  below ;  viz. 

AC  174  angle  B  27^  angle  C  115^° 

or    374J  or        78J  or  64J 

Arithmetically. — First,  to  find  the  angles  at  C : 

As  side  BC  232 log.  2-3654880 

To  sin.  opp.  angle  A      37°  20' 9-7827958 

So  side  AB345 2-5378191 

To  sin.  opp.  angle  C     115°  36'  or  64°  24 9-9561269 

Add  angle  A      37    20       37    20 

'      The  sum  152    56  or  101    44 

Taken  from       180    00      180    00 

Leaves  angle  B  27    04  or   78    16 

Then,  to  find  the  side  AC : 

As  sme  angle      A       37°  20' log.  9-7827958 

To  opposite  side  BC         232 2-365488 

«     .  1        -n     r27°04' 9-6580371 

So  sine  angle      B    |  ^g   ^^ 9-9908-291 

To  opposite  side  AC     174-07 2-2407293 

or,      374-56 2-5735213 
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In  the  plane  triangle  ABO, 

{AB  865  poles 
angle  A      57«  12' 
angle  B       24    45 
Required  the  other  parts. 


Ans. 


{ 


angle  C  98°  8' 
AC  154-88 
BC  809-86 


In  the  plane  triangle  ABC, 
f  AC  120  feet 

Given,  ^  BC  112  feet 

(angle  A  57^27' 
Required  the  other  parts. 


Ans.  •< 


r  angle  B  64*^  84'  21" 
or,    115    25  89 
angle  C  57    58  89 
or,         7      7  21 

AB  112-65  feet 
or,         16-47  feet 


When  two  sides  and  their  contained  angle  are  given. 
Then  it  will  be. 
As  the  snm  of  those  two  sides. 
Is  to  the  difference  of  the  same  sides ; 
So  is  the  tang,  of  half  the  sum  of  their  opposite  angles. 
To  the  tang,  of  half  the  difference  of  the  same  angles. 

Hence,  because  it  is  known  that  the  half  sum  of  any  two  quan- 
tities increased  bj  their  half  difference,  gives  the  greater,  and  di- 
minished by  it  gives  the  less,  if  the  half  difference  of  the  angles, 
BO  found,  be  added  to  their  half  sum,  it  will  give  the  greater  angle, 
and  subtracting  it  will  leave  the  less  angle. 

Then,  all  the  angles  being  now  known,  the  unknown  side  will  be 
found  bj  the  former  theorem. 

Let  ABC  be  the  proposed  triangle,  having 
the  two  given  sides  AC,  BC,  including  the  given 
angle  C.  With  the  centre  C,  and  radius  CA, 
the  less  of  these  two  sides,  describe  a  semicircle, 
meeting  the  other  side  BC  produced  in  D  and  E. 
Join  AE,  AD,  and  draw  DF  parallel  to  AE. 

Then,  BE  is  the  sum,  and  BD  the  difference  of  the  two  given 
aides  CB,  CA.  Also,  the  sum  of  the  two  angles  CAB,  CBA,  is 
equal  Uk  the  sum  of  the  two  CAD,  CD  A,  these  sums  being  each 
the  supplement  of  the  vertical  angle  C  to  two  right  angles :  but 
the  two  latter  CAD,  CD  A,  are  equal  to  each  other,  beins  opposite  to 
the  two  equal  sides  CA,  CD :  hence,  either  of  them,  as  CD  A,  is  equal 
to  half  the  sum  of  the  two  unknown  angles  CAB,  CBA.  Again, 
the  exterior  angle  CDA  is  equal  to  the  two  interior  angles  B  and 
DAB ;  therefore,  the  angle  DAB  is  equal  to  the  difference  between 
CDA  and  B,  or  between  CAD  and  B ;  consequently,  the  same 
angle  DAB  is  equal  to  half  the  difference  of  the  unknown  angles 
B  and  CAB ;  of  which  it  has  been  shown  that  CDA  is  the  half  sum. 

Now  the  angle  DAE,  in  a  semicircle,  is  a  right  angle,  or  AE  is 
perpendicular  to  AD ;  and  DF,  parallel  to  AE,  is  also  perpendicular 
2f2 
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to  AD :  consequently,  AE  is  the  tangent  of  CDA  the  half  sun, 
and  DF  the  tangent  of  DAB  the  half  diflference  of  the  angles,  to 
the  same  radius  AD,  by  the  definition  of  a  tangent.  But,  the  tan- 
gents AE,  DF,  being  parallel,  it  will  be  as  BE  :  BD  : :  AE  :  DF; 
that  is,  as  the  sum  of  the  sides  is  to  the  difference  of  the  sides,  bo 
is  the  tangent  of  half  the  sum  of  the  opposite  angles,  to  the  tan- 
gent of  half  their  difference. 

The  sum  of  the  unknown  angles  is  found,  by  taking  the  giren 
angle  from  180''. 

In  the  plane  triangle  ABC, 

f           AB  845  yards  Ji 

Given,  -l           AC  174-07  yards  >^  ^X. 

(angle  A    87^20'  ^ • ^ 

Required  the  other  parts. 

Geometrically, — Draw  AB  =»  845  from  a  scale  of  equal  parts. 
Make  the  angle  A  -  37^  20'.  Set  off  AC  «  174  by  the  scale  of 
equal  parts.     Join  BC,  and  it  is  done. 

Then  the  other  parts  being  measured,  they  are  found  to  be  nearly 
as  follows,  vis.  the  side  BC  232  yards,  the  angle  B  27^,  and  the 
angle  C  115J°. 

ArithmeticaUy. 

As  sum  of  sides  AB,  AC 619-07  log.    2-7152259 

To  difference  of  sides  AB,  AC 170-93  2-2328183 

So  tangent  half  sum  angles  C  and  B 71''  20"       10-4712979 

To  tangent  half  difference  angles  C  and  B  44   16  9-9888908 

Their  sum  gives  angle  C   115    36 
Their  diff.  gives  angle  B     27     4 

Then,  by  the  former  theorem. 

As  sine  angle  C  115°  36',  or  64°  24' log.  9-0551259 

To  its  opposite  side  AB  345 2-5378191 

So  sine  angle  A  37°  20' 9-7827958 

To  its  opposite  side  BC  232 2-3654890 

In  the  plane  triangle  ABC, 

iAB  365  poles 
AC  154-33 
angle  A    57°  12'  (        BC   309-86 

Required  the  other  parts.  <  angle  B  24°  45' 

(angle  C  98°    3' 

In  the  plane  triangle  ABC, 

f         AC  120  yards 
Given,  ^  BC  112  yards 

(  angle  C  57°  68'  39"  (         AB  112-65 

Required  the  other  parts.  <  angle  A  57°  27'  0" 

(angle  B  64   84  21 
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When  the  three  sidea  of  the  triangle  are  given. 

Then,  having  let  fall  a  perpendicular  from  the  greatest  angle 
npon  the  opposite  side,  or  base,  dividing  it  into  two  segments,  and 
the  whole  triangle  into  two  right-angled  triangles ;  it  will  be. 

As  the  base,  or  sum  of  the  segments. 

Is  to  the  sum  of  the  other  two  sides ; 

So  is  the  di£ference  of  those  sides. 

To  the  difference  of  the  segments  of  the  base. 

Then,  half  the  difference  of  the  segments  being  added  to  the 
half  sum,  or  the  half  base,  gives  the  greater  segment;  and  the 
same  subtracted  gives  the  less  segment. 

Hence,  in  each  of  the  two  right-angled  triangles,  there  will  be 
known  two  sides,  and  the  angle  opposite  to  one  of  them ;  conse- 
quently, the  other  angles  will  be  found  bj  the  first  problem. 

The  rectangle  under  the  sum  and  difference  of  the  two  sides,  is 
equal  to  the  rectangle  under  the  sum  and  difference  of  the  two  seg- 
ments. Therefore,  bj  forming  the  sides  of  these  rectangles  into 
a  proportion,  it  will  appear  that  the  sums  and  differences  are  pro- 
portional, as  in  this  theorem. 

In  the  plane  triangle  ABO,  o 

f  AB  345  yards 
Given,  the  sides  ^  AC  232 

(BC1T4-07 
To  find  the  angles. 

Geometrically. — Draw  the  base  AB  =  845  by  a  scale  of  equal 
parts.  With  radius  232,  and  centre  A,  describe  an  arc ;  and  with 
radius  174,  and  centre  B,  describe  another  arc,  cutting  the  former 
in  C.     Join  AC,  BC,  and  it  is  done. 

Then,  by  measuring  the  angles,  they  will  be  found  to  be  nearly 
as  follows,  viz.  angle  A  27°,  angle  B  37^°,  and  angle  C  115J°. 

Arithmetieally. — Having  let  fall  the  perpendicular  CP,  it  will  be. 
As  the  base  AB  :  AC  -I-  BC  : :  AC  —  BC  :  AP  —  BP 
that  is,  as  345  :  406-07  : :  57-93  :  68-18  -  AP  -  BP 

its  half  is 34-09 

the  half  base  is .172-50 

the  sum  of  these  is 206-59  =  AP 

and  their  difference 138-41  —  BP 

Then,  in  the  triangle  APC,  right-angled  at  P, 

As  the  side  AC 232        log.  2-3654880 

To  sine  opposite  angle 90®       10-0000000 

So  is  side  AP 206-59   2-3151093 

To  sine  opposite  angle  ACP 62°  56' 9-9496213 

Which  taken,  from 90*00 

Leaves  the  angle  A 27   04 
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Again,  in  the  triangle  BPC,  right-angled  at  P, 

As  the  side  of  BC 174-07 log.  2-2407239 

To  sine  opposite  angle  P...  90°      10-0000000 

So  is  side  BP 138-41 21411675 

To  sin.  opposite  angle  BCP  62°  40' 9-9004436 

Which  taken  from 90    00 

Leaves  the  angle  B...  37    20 

Also,  the  angle  ACP...  62°  56' 

Added  to  angle  BGP...  52    40 

Giyes  the  whole  angle  AGB...115    36 

So  that  all  the  three  angles  are  as  follow,  viz. 
the  angle  A  27°  4';   the  angle  B  37°  20';  the  angle  C  115' 

In  the  plane  triangle  ABO, 

(AB  365  poles 
Given  the  sides,  <  AG  154-33 

(BG  309-86  (angle  A  57°  12' 

To  find  the  uigles.  <  angle  B  24    45 


p 


{ 


angle  C  98 


In  the  plane  triangle  ABG, 
fAB120 
Given  the  sides,  ^  AG  112-65 

(  BC  112  (  angle  A  57°  27'  00" 

To  find  the  angles.  <  angle  B  57   58  39 

(  angle  G  64   34  21 

The  three  foregoing  theorems  include  all  the  cases  of  plane  tri- 
angles, both  right-angled  and  oblique;  besides  which,  there  are 
other  theorems  suited  to  some  particular  forms  of  triangles,  which 
are  sometimes  more  expeditious  in  their  use  than  the  general  ones ; 
one  of  which,  as  the  case  for  which  it  serves  so  frequently  occursy 
may  be  here  taken,  as  follows : — 
Wherij  in  a  right-angled  triangle^  there  are  given  one  leg  and  the 

angles;  to  find  the  other  leg  or  the  hi/pothentue  ;  it  will  be^ 

As  radius,  t.  e.  sine  of  90°  or  tangent  of  45° 

Is  to  the  given  leg. 

So  is  the  tangent  of  its  adjacent  angle 

To  the  other  leg ; 

And  so  is  the  secant  of  the  same  angle 

To  the  hypothenuse. 

AB  being  the  given  leg,  in  the  right-angled  tri- 
angle ABG ;  with  the  centre  A,  and  any  assumed  ra- 
dius, AD,  describe  an  arc  DE,  and  draw  DF  perpen- 
dicular to  AB,  or  parallel  to  BG.  Now  it  is  evident, 
from  the  definitions,  that  DF  is  the  tangent,  and  AF 
the  secant,  of  the  arc  DE,  or  of  the  angle  A  which 
is  measured  by  that  arc,  to  the  radius  AD.  Then,  because  of  the 
parallels  BG,  DF,  it  will  be  as  AD  :  AB  : :  DF  :  BG  : :  AP  :  AC, 
which  is  the  same  as  the  theorem  is  in  words. 
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In  the  right-angled  triangle  ABC^ 

"^^^  {  .^A'^^V%"  }  to  find  AC  «id  BC. 

ChometrieaU^. — ^Make  AB  » 162  equal  parts,  and  the  angle  A  » 
53**  7'  48" ;  then  raise  the  perpendicular  BC,  meeting  AC  in  C. 
So  shall  AC  measure  270,  and  BC  216. 

Ariihmetiea^. 

As  radius tang.  45° log.  10-0000000 

TolegAB 162      2-2095160 

So  tang,  angle  A 68°  7'  48" 10-1249871 

TolegBC 216      2-8844621 

So  secant  angle  A 68°  7'  48" 10-2218477 

To  hyp.  AC 270      2-4818627 

In  the  right-angled  triangle  ABC, 

r;™«  /    tlie  leg  -^^  180 

*'"*'»  t  the  anj^le  A  62°  40'  ,  j^^  392.oi4T 

To  find  the  other  two  sides.  <  1>p  SLift^QAM, 

There  is  sometimes  given  another  method  for  right-angled  tri- 
angles, which  is  this : 

ABC  being  such  a  triangle,  make  one  leg  AB  ra- 
dios, that  is,  with  centre  A,  and  distance  AB,  de* 
scribe  an  arc  BF.    Then  it  is  evident  that  the  other 
leg  BC  represents  the  tangent,  and  the  hjpothennsoA^ 
AC  the  secant,  of  the  arc  BF,  or  of  the  angle  A. 

In  like  manner,  if  the  leg  BC  be  made  radios ; 
then  the  other  leg  AB  will  represent  the  tangent,  and  the  hjpo- 
thennse  AC  the  secant,  of  the  arc  BG  or  angle  C. 

But  if  the  hypothennse  be  made  radius ;  then  each  leg  wiU  re- 
present  the  sine  of  its  opposite  angle ;  namely,  the  le^  AB  the  sine 
of  the  arc  AE  or  angle  C,  and  the  leg  BC  the  sine  of  the  arc  CD 
or  angle  A. 

And  then  the  general  rule  for  all  these  cases  is  this,  namely, 
that  the  sides  of  the  triangle  bear  to  each  other  the  same  propor- 
tion as  the  parts  which  thej  represent. 

And  this  is  called,  Making  every  side  radius. 
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Bt  the  mensuration  and  protraction  of  lines  and  angles^  are  de- 
termined the  lengths,  heights,  depths,  and  distanoes  of  bodies  or 
objects. 

Accessible  lines  are  measured  b^  applying  to  them  some  certain 
measure  a  number  of  times,  as  an  inch,  or  loot,  or  yard.  But  in- 
accessible lines  must  be  measured  by  taking  angles,  or  by  some 
snch  method,  drawn  from  the  principles  of  geometry. 

When  instruments  are  used  for  taking  the  magnitude  of  the 
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angles  in  degrees,  the  lines  are  then  calcnlated  bj  trigonometry: 
in  the  other  methods,  the  lines  are  calcnlated  from  the  princi- 
ple of  similar  triangles,  without  regard  to  the  measure  of  the 
angles. 

Angles  of  elevation,  or  of  depression,  are  usually  taken  either 
with  a  theodolite,  or  with  a  qua&ant,  divided  into  degrees  and  mi- 
nutes, and  furnished  with  a  plummet  suspended  from  the  centre, 
and  two  sides  fixed  on  one  of  the  radii,  or  else  with  telescopic 
sights. 

To  take  an  angle  of  altitude  and  depression  taitkthe  quadranJL 

Let  A  be  any  object,  as  the  sun, 
moon,  or  a  star,  or  the  top  of  a  tower, 
or  hill,  or  other  eminence;  and  let  it 
be  required  to  find  the  measure  of  the 
angle  ABO,  which  a  line  drawn  from 
the  object  miJ^es  with  the  horizontal  ^^^ 
line  BO.  b  x"     ^ 

Fix  the  centre  of  the  quadrant  in    j^^  \ 
the  angular  point,  and  move  it  rotind      V^3<* 
there  as  a  centre,  till  with  one  eye  at         °^ 
D,  the  other  being  shut,  you  perceive  the  object  A  through  the 
sights :  then  will  the  arc  GH  of  the  quadrant,  cut  off  by  the  plumb 
line  BH,  be  the  measure  of  the  angle  ABC,  as  required. 

The  angle  ABC  of  depression  of  any  ob- 
ject A,  is  taken  in  the  same  manner ;  except 
that  here  the  eye  is  applied  to  the  centre,  and 
the  measure  of  the  angle  is  the  arc  GH,  on 
the  other  side  of  the  plumb  line. 

The  following  examples  are  to  be  constructed  and  calculated  bj 
the  foregoing  methods,  treated  of  in  trigonometry. 

Having  measured  a  distance  of  200  feet,  in  a  direct  horizontal 
line,  from  the  bottom  of  a  steeple,  the  angle  of  elevation  of  its  top, 
taken  at  that  distance,  was  found  to  be  47^  80' :  from  hence  it  is 
required  to  find  the  height  of  the  steeple. 

Construetwn. — Draw  an  indefinite  line,  upon  which  set  off  AC  « 
200  equal  parts,  for  the  measured  distance.  Erect  the  indefinite 
perpendicular  AB ;  and  draw  CB  so  as  to  make  the  angle  G  « 
47^  80',  the  angle  of  elevation;  and  it  is  done.  Then  AJB,  mea- 
sured on  the  scde  of  equal  parts,  is  nearly  218^. 

Calculatwn, 

As  radius 10-0000000 

To  AC  200 2-8010300 

So  tang,  angle  C  47°  30' 10-0379476 

To  AB  218-2Grequired 2-3389775 
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What  was  the  perpendicular  height  of  a  cloud,  or  of  a  balloon, 
when  its  angles  of  eleyation  were  35°  and  64°,  as  taken  bj  two 
observers,. at  the  same  time,  both  on  the  same  side  of  it,  and  in 
the  same  yertical  plane ;  their  distance,  as  under,  being  half  a  mile, 
or  880  yards.  And  what  was  its  distance  from  the  said  two  ob- 
servers? 

CoTutruction. — Draw  an  indefinite  ground  line,  upon  which  set 
off  the  given  distance  AB  »  880 ;  then  A  and  B  are  the  places 
of  the  observers.  Make  the  angle  A  =  85°,  and  the  angle  B  » 
64° ;  and  the  intersection  of  the  lines  at  0  will  be  the  place  of  the 
balloon ;  from  whence  the  perpendicular  CD,  being  let  fall,  will  be 
its  perpendicular  height.  Then,  bj  measurement,  are  found  the 
distances  and  height  nearly,  as  follows,  viz.  AC  1631,  BC  1041, 
DC  936.  0 

Calculation.  .-''/'^ 

First,  from    angle    B    64° 


10 


Take    angle    A    36  ^*''''     / 

Leavesangle  ACB  29  ^         / 


Then,  in  the  triangle  ABC,^ 

As  sine    angle  ACB    29°      9-6855712 

To  opposite  side  AB  *  880        2-9444827 

So  sine     angle  A         35° 9-75B5913 

To  opposite  side  BC  1041-125 3-0iy5028 

As  sine    angle  ACB    29°      9-6855712 

To  opposite  side  AB    880       2-9444827 

So  sine     angleB  116°or64° 9-9536602 

To  opposite  side  AC  1631-442 8-2125717 

And,  in  the  triangle  BCD, 

As  sine    angle  D         90°      10-0000000 

To  opposite  side  BC  1041-125 8-0175028 

So  sine     angleB        64°       9-9536602 

To  opposite  side  CD     935-757 2-9711830 

Having  to  find  the  height  of  an  obelisk  standing  on  the  top  of  a 
declivity,  I  first  measured  from  its  bottom,  a  distance  of  40  feet, 
and  there  found  the  angle,  formed  by  the  oblique  plane  and  a  line 
imagined  to  go  to  top  of  the  obelisk  41° ;  but,  after  measuring  on 
in  the  same  direction  60  feet  farther,  the  like  angle  was  only  23°  45'. 
li^at  then  was  the  height  of  the  obelisk  ? 

C<mslTuction. — Draw  an  indefinite  line  for  the  sloping  plane  or 
declivity,  in  which  assume  anv  point  A  for  the  bottom  of  the 
obelisk,  from  whence  set  off  the  distance  AC  =  40,  and  again 
CD  =  60  equal  parts.  Then  make  the  angle  C  ^  41°,  and  the 
angle  D  =  23°  45' ;  and  the  point  B,  where  the  two  lines  meet, 
win  be  the  top  of  the  obelisk.  Therefore  AB,  jomed,  will  be  its 
height. 
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B 

Oalculatum. 
from  the  angle  C      41"*  00' 
Take  the  angle  D       23   45 
Leayeg  the  angle  DBG  17   15 

Then,  in  the  triangle  DBC, 

A»  Bine     angle  DEC  17^  15', 9-4720856 

To  opposite  Bide  DO     00       1-7781513 

SoBue     angle  D       24  45 9-6050320 

Tooppoaiteaide  CB     81-488 1-9110977 

And,  in  the  triangle  ABC, 

As  Bum  of  Bides  CB,  CA 121-488 2-0845333 

To  difiFercnce  of  sides    CB,CA  41-488  1-6179225 

So  tang,  half  snm  angles  A,  B      69""  30'  10*4272623 

To  tang,  half  diff.  angles  A,  B      42  24^ 9-9606516 

The  diff.  of  these  is  angle  GBA      27     5} 

Lastly,  as  sine  angle  CBA  27^  5J' 9-6582842 

To  opposite  side        CA    40        1-6020600 

So  sine  angleC       41^0'  9-8169429 

To  opposite  side       AB    57-623^ 1-7607187 

Wanting  to  know  the  distance  between  two  inaccessible  trees,  or 
other  objects,  from  the  top  of  a  tower,  120  feet  high,  which  lay  in 
the  same  right  line  with  the  two  objects,  I  took  the  angles  formed 
by  the  perpendicular  wall  and  lines  oonceiTed  to  be  drawn  from  the 
top  of  the  tower  to  the  bottom  of  each  tree,  and  found  them  to  be 
33^  and  64^^.  What  then  may  be  the  distance  between  the  two 
objects  ? 

Oofutmction. — Draw  the  indefinite 
ffround  line  BD,  and  perpendicular  to 
It  BA  «■  120  equal  parts.    Then  draw 

the  two  lines  AC,  AI),  making  the  two 

angles  B AC,  BAD,  equal  to  the  given  "^^  ^         T" 

angles  38''  and  64^.    So  shall  C  and  D  be  the  places  of  the  two 
objects. 

Oakulation. — First,  In  the  right-angled  triangle  ABO, 

As  radius 10-0000000 

ToAB 120  2-0791812 

So  tang,  angle  BAC 33** 9-8125174 

ToBC 77-929 1-8916986 

And,  in  the  right-angled  triangle  ABD, 

As  radius 10-0000000 

ToAB 120    20791812 

So  tang,  angle  BAD....  64J^ ...10-8215039 

ToBD 251-585    2-4006851 

From  which  take  BC   77-929 

Leayes  the  dist.    CD  173-656  aa  required. 
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Seing  on  the  side  of  a  riyer,  and  ^ranting  to  know  the  distance 
to  a  house  which  was  seen  on  the  other  side,  I  measured  200  yards 
in  a  straight  line  b j  the  side  of  the  riyer ;  and  then  at  each  end 
of  this  lino  of  distance,  took  the  horiEontal  angle  formed  between 
the  house  and  the  other  end  of  the  line ;  which  angles  were,  the 
one  of  them  68''  2%  and  the  other  78^  15^  What  then  were  the 
distances  from  each  end  to  the  house  ? 

Qmstruetian. — Draw  the  line  AB  »  200  equal  parts.  Then 
draw  AG  so  as  to  make  the  angle  A  »  68^  2^  and  BC  to  make 
the  angle  B  »  73^  15'.  So  shafi  the  point  G  be  the  place  of  the 
house  required* 

Caleulation. 

To  the  given  angle  A    68^   2'  -7^"^  "^ 

Add  the  given  angle  B     78    15  -    '""^ 

Then  their  sum  141    17  - 

Being  taken  from  180     0 

Leaves  the  third  angle  G   88  48  -"»*^ 

Hence,  As  sin.  angle  G  88°  48' 9-7962062" 

To  op.  side  AB  200      2-3010300 

So  sin.  angle  A  68^  2' 9-9672679 

To  op.  side  BG  296-54 2-4720917 

And,     As  sin.  angle  G  88**  43' 9-7962062 

To  op.  side  AB  200      2'8010800 

So  sin.  angle  B  73°  15' 9-9811711 

To  op.  side  AG  806-19 2-4859949 


SPHEBICAL  TSIOOHOHETET. 

Tkis  Article  is  taken  from  a  short  Practical  Treatise  on  Spherical  Trigowmetrp^ 
hu  Oliver  Byrne,  the  author  of  the  present  work.  Fublished  by  J.  A.  Valpy, 
London,  1835. 

As  the  sides  and  angles  of  spherical  triangles  are  measured  bj 
circular  arcs,  and  as  these  arcs  are  often  greater  than  90°,  it  may 
be  necessary  to  mention  one  or  two  particulars  respecting  them. 

The  arc  GB,  which  when  added  to 
AB  makes  up  a  quadrant  or  90°,  is 
called  the  complement  of  the  arc  AB ; 
every  arc  will  have  a  complement, 
even  those  which  are  themselves 
greater  than  90°,  provided  we  con- 
sider the  arcs  measured  in  the  direc- 
tion ABGD,  &c.,  as  positive,  and 
consequently  those  measured  in  the 
opposite  direction  as  negative.  The 
complement  BG  of  the  arc  AB  com- 
mences at  B,  where  AB  terminates, 
and  may  be  considered  as  generated  by  the  motion  of  B,  the  ex* 
2a 
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tremity  of  the  radius  OB,  in  the  direction  BG.  But  the  comple- 
ment of  the  arc  AJD  or  DC,  commencing  in  like  manner  at  the  ex- 
tremity Dy  must  be  generated  b^  the  motion  of  D  in  the  opposite 
direction,  and  the  angular  magnitude  AOD  will  here  be  diminished 
by  the  motion  of  Ol),  in  generating  the  complement ;  therefore 
the  complement  of  AOD  or  of  AD  may  with  propriety  be  consi- 
dered negative. 

Calling  the  arc  AB  or  AD,  ^,  the  complement  will  be  90®  —  b  ; 
the  complement  of  Se""  44'  83''  is  SS""  15'  2V' ;  and  the  complement 
of  186°  27'  39"  is  negative  46®  27'  89". 

The  arc  BE,  which  must  be  added  to  AB  to  make  up  a  semi- 
circle or  180®,  is  called  the  iupplemerit  of  the  arc  AB.  If  the  arc 
is  greater  than  180®,  as  the  arc  ADF  its  supplement,  FE  mea- 
sured in  the  reverse  direction  is  negative.  The  expression  for  the 
supplement  of  any  arc  o  is  therefore  180®  —  e ;  thus  the  supple- 
ment of  112®  29'  35"  is  67®  80'  25",  and  the  supplement  of  205^ 
42'  is  negative  25®  42'. 

In  the  same  manner  as  the  complementary  and  supplementary 
arcs  are  considered  as  positive  or  negative,  according  to  the  di- 
rection in  which  they  are  measured,  so  are  the  arcs  themselves 
positive  or  negative ;  thus,  still  taking  A  for  the  commencement, 
or  origin^  of  the  arcs,  as  AB  is  positive,  AH  will  be  negative.  In 
the  doctrine  of  triangles^  we  consider  only  positive  angles  or  arcs, 
and  the  magnitudes  of  these  are  comprised  between  9  »  Q  and  e  = 
180® ;  but  in  the  general  theory  of  angular  quantity,  we  consider 
both  positive  and  negative  angles,  according  as  they  are  situated 
above  or  below  the  fixed  line  AO,  from  which  they  are  measured, 
that  is,  according  as  the  arcs  by  which  they  are  estimated  are  posi- 
tive or  negative.  Thus  the  angle  BOA  is  positive,  and  the  angle 
AOH  negative.  Moreover,  in  this  more  extended  theory  of  angukr 
magnitude,  an  angle  may  consist  of  any  number  of  degrees  what- 
ever;  thus,  if  the  revolving  line  OB  set  out  from  the  fixed  line  OA, 
and  make  n  revolutions  and  a  part,  the  angular  magnitude  gene- 
rated is  measured  by  n  times  860®,  plus  the  degrees  in  the  ad- 
ditional part. 

In  a  right-angled  spherical  triangle  we  are  to  recognise  but  five 


parts,  namely,  the  three  sides  a,  i,  c,  and  the  two  angles  A,  B ; 
so  that  the  right  angle  G  is  omitted. 
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Let  A',  {?',  B/  be  the  comple- 
ments of  A,  Cj  B,  respectively, 
and  suppose  6,  a,  B',  y,  A',  to  be 
placed  on  the  hand,  as  in  the 
annexed  fignre,  and  that  the 
fingers  stand  in  a  circular  order, 
the  parts  represented  bj  the 
fingers  thus  placed  are  called 
circnlar  parts. 

If  we  take  any  one  of  these  as 
a  middle  part,  tne  two  which  lie 
next  to  it,  one  on  each  side,  will 
be  adjacent  parts.  The  two  parts 
immediately  beyond  the  adjacent 
parts,  one  on  each  side,  are  called 
the  opposite  parts. 

Thus,  taking  A'  for  a  middle  part,  h  and  cf  will  be  adjacent  parts, 
and  a  and  B'  are  opposite  parts. 

If  we  take  (/  as  a  middle  part.  A'  and  B^  are  adjacent  parts,  and 
(,  a,  opposite  parts. 

When  B^  is  a  middle  part,  c',  a,  become  adjacent  parts,  and  A', 
(,  opposite  parts. 

Again,  if  we  take  a  as  a  middle  part,  then  B^,  i,  will  be  adjacent 
parts,  and  e\  A',  opposite  parts. 

Lastly,  taking  5  as  a  middle  part.  A',  a,  are  adjacent  parts,  and 
e',  B',  opposite  parts. 

This  being  understood,  Napier's  two  rules  may  be  expressed  as 
follows : — 

I.  Bad.  X  sin.  middle  part  7  product  of  tan.  adjacent  parts. 

II.  Bad.  X  sin.  middle  part  =»  product  of  cos.  opposite  parts. 
Both  these  rules  may  be  comprehended  in  a  single  expression,  thus. 

Bad.  sin.  mid.  »  prod.  tan.  adja.  «  prod.  cos.  opp. ; 
and  to  retain  this  in  the  memory  we  have  only  to  remember,  that 
the  vowels  in  the  contractions  8in.y  tan.j  cos.^  are  the  same  as  those 
in  the  contractions  mid.^  adja,j  opp.^  to  which  they  are  joined. 

These  rules  comprehend  all  the  succeeding  equations,  reading 
from  the  centre,  B  *»  radius. 

In  the  solution  of  right-angled  spherical  triangles,  two  parts  are 
given  to  find  a  third,  therefore  it  is  necessary,  in  the  application  of 
this  formula,  to  choose  for  the  middle  part  that  which  causes  the 
other  two  to  become  either  adjacent  parts  or  opposite  parts. 
In  a  right-angled  spherical  triangle,  the  hypothenuse 
e  —  61°    4'  56" ;  and  the  angle 
A  -  6r  50'  29".    Bequired  the  adjacent  leg? 


«61 


0' 
4 


00" 
56 


28     65       04  =  e\ 


A« 


90° 
.61 


0' 
50 


00" 


28       9       81«A. 
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In  this  ezampley  A'  ia  selected  for  tho  middle  part,  because  then 
I  and  </  become  adjacent  parts,  as  in  the  annexed  fignre. 

Bad.  X  sin.  A' »  tan.  I  x  tan.  e'. 
rad.  X  sin.  A' 


.*.  tan.  h 


tan  €^ 


By  LogarithfM. 

Rad.  - -10-0000000 

Sin.  A'-28°9'21''--9;6738628 

19-6738628 
Tan.  c^-28^55^4^^-  9-7422808 

Tan.6'-40°80a6"-9-9815820 ' 
The  side  adjacent  to  the  given 
angle  is  acute  or  obtuse,  accord- 
ing as  the  hypothenuse  is  of  the 
same,  or  of  different  species  with  the  given  angle. 
.-.  the  leg  6  «  40^  80'  16",  acute. 
Supposing  the  hypothenuse  c  =  113°  55',  and  the  angle  A  =»  81**  51', 
then  the  adjacent  leg  6  would  be  117°  34',  obtuse. 
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In  the  right-angled  spherical  triangle  ABC,  are  given  the  hypo- 
theniue  e  »  US'"  55^  and  the  angle  A  ««  104''  08';  to  find  the 
opposite  leg  a. 


€  - 118^  55' 
90     0 


28    65 -c'. 

A  « IW  08^ 
90     0 

14   08 -A'. 


In  this  example,  a  is  taken  for  the  middle  part,  then  A'  and  </ 
are  opposite  parts.     (See  the  subjoined  figure.) 

From  the  general  formula,  we 
have. 

Bad.  X  sin.  a  »  cos.  A'  x  cos.  c'. 
COS.  A'  X  COS.  (/ 

•••"^•^"      Bid: — • 

By  Logarithms^ 

COB.  A'  -  14°  08' 9-9860509 

COS.  c'  -28    55 9-9610108 

19-9476617 

Badius 10-0000000 

117°  84' 
62    26 


.     ^  /  117°  84'  \ 
8"i-^  \    62    26  /•• 


9-9476617 


The  obtuse  side  117°  34'  is  the  leg  required,  for  the  side  oppo- 
site to  the  given  angle  is  always  of  the  same  species  with  the 
given  angle. 

K  in  a  right-angled  spherical 
triangle,  the  hypothenuse  were 
78°  20',  and  the  angle  A  =» 
87°  25',  then  the  opposite  leg 
a  =  86°  81',  and  not  148°  29', 
because  the  given  angle  is  acute. 

In  aright-angled  spherical  tri- 
angle, are  given  e  «  78°  20',  and 
A  =  37°  25',  to  find  the  angle  B. 
90°    0' 
<?  =  78    20 


11 

40- 

«'. 

90° 
.87 

0' 
25 

52 

85  » 

A' 

2a2 


S78 
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Here  the  oomplement  of  the  hypothenuse  {</)  ia  the  midile  part; 
and  the  complement  of  the 
angle  opposite  the  perpen- 
dicular (A')y  and  the  com- 
plement of  the  angle  oppo- 
site the  base  (B'T  are  the 
adjacent  parts.  This  will 
readily  be  perceived  by 
reference  to  the  usual 
figure  in  the  margin. 

Rad.  X  sin.  </  *»  tan.  A' 
X  tan.  B'; 

_,      Rad.xsin.</ 

•••**°-^ — toSrA^- 

*  By  Logarithms. 

Rad 10-0000000 

sin.  (/  -  11°  40^  9-3058189 
19-8058189 
tan.  A'  -  52°  85^  10-1163279 
.-.  tan.  B'  -  8°  48'  9-1894910 
But  90 -B  =B' 
hence  90  —  B'  «  B. 
90°    0' 
8    48 
B  =  81°  12'. 

When  the  hypothenuse  and  an  angle  are  given,  the  other  angle  is 
acute  or  obtuse,  according  as  the  given  parts  are  of  the  same  or  of 
different  species. 

In  the  above  example,  both  the  given  parts  are  acute,  therefore 
the  required  angle  is  acute;  but  if  one  be  acute  and  the  other  ob- 
tuse, then  the  angle  found  would  be  obtuse  : — Thus,  if  the  hypo- 
thenuse be  118°  55',  and  the  angle  A  =»  31°  51' ;  then  will  B'  = 
14°  08^  and  the  angle  B  «  104°  08'. 

Given  the  hypothenuse  e  «  61°  04'  56",  and  the  side  or  leg, 
a  «  40°  80'  20",  to  find  the  angle  adjacent  to  a 
90°    0'    0" 
e^ei    04  56 

28  55  04"  «  c". 
The  three  parts  are  here 
connected ;  therefore  the  com- 
plement of  B  is  the  middle 
partj  a  and  the  complement  of 
e  are  the  adjacent  parts. 

Hence  we  have, 
Rad.  X  sin.  B'  =  tan.  a  X  tan.  </. 
.     _ ,       tan.  a  X  tan.  e' 

••• "°-  ^ m. — 
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A. 

e 

By  LogarUhms. 

tan.  a  -  40^^  80'  20"  «    9-9316841 
tan.  (/-  28   55  04    «    9-7422801  ' 

19-6788642 
Bad 10-0000000 

Bin.  B'....28°  09'  81" 9-6788642 

90°    0'    0" 
B'  ^  28   09  81 

61   50  29  =  B. 

The  angle  adjacent  to  the  given  side  is  acute  or  obtuse  accord- 
ing as  the  hypothenuse  is  of  the  same  or  of  different  species  with 
the  given  side. 

Before  working  the  above  example,  it  was  easy  to  foresee  that 
the  angle  B  would  be  acute ;  but  suppose  the  hypothenuse  »  70° 
20^,  and  the  side  a  «  117°  84',  then  the  angle  n  would  be  obtuse, 
because  a  and  c  are  of  different  species. 

RuLB  v. — In  a  spherical  triangle,  right-angled  at  c,  are  given 
c  «  78°  20'  and  h  «  117°  84',  to  find  the  angle  B ;  opposite  the 
given  leg,  (see  the  next  diagram.) 

In  this  example,  h  becomes  the  middle  part,  and  ef  and  B'  oppo- 
site parts ;  and  therefore,  by  the  rule, 

Bad.  X  sin.  I  =  cos.  B'  x  cos.  c' ;  that  is,  y^^^^ 

^,       Bad.  X  sin.  h  ^^^--^  Vb'/ 

COS.  B'- — — — r  ^- 

COS.  Cr 

90°  -  78°  20'  -  11°  40'  =  c'.  yy^  ^^ 

Menccj  hy  Logarithms.  #      yj\  1 1 

Bad 10-0000000  /       M  l\ 

Bin.  b  =  sin.  117^  84'  \  9.9476655  '  ^    '^ 

or  sin.    62    26  /   ^  ^476555  ^    ^ 

19-9476655       Z'*'""^^^ 
cos.  c-  11°  40' 9-9909338      /         ^  ^ 

COS.  B'  25°  09' '.  9-9567817     '       ® 


880  THE  FlUCTICAL  MODEL  OALGVLATOB. 

B 

But  since  the  angle 
opposite  the  given 
side  is  of  the  same 
species  with  the  given 
side,  90°  must  be 
added  to  B',  to  pro- 
duce B :— viz.  90°  + 
26°  09'  «  116°  09'. 

Given  c=- 61°  04' j 
56",  and  i«  40°  80' 
20",  to  find  the  other  | 
side  a. 

Here  c'  is  the  mid- 
dle part,  a  and  h  the 
opposite  parts ;  hence 
by  position  4,  a  «  50°  30'  30". 

Given  the  side  h  =  48°  24'  16",  and  the  adjacent  angle  A  « 
66°  20'  40",  to  find  the  side  a. 

In  this  instance,  h  is  the  middle  part,  the  complement  of  A  and 
a  are  adjacent  parts.     Consequently,  a  ==  59°  38'  27". 

In  the  right-angled  spherical  triangle  ABC, 
^.        f  The  side  a  «  59°  38'  27"  \^    a  a^x.  i    a 

^*^^n  Its  adjacent  angle  B  .  52°  32'  55"  |*^  ^^^  *^^  "8^^ ^ 

Answer,  66°  20'  40". 

The  required  angle  is  of  the  same  species  as  the  given  side,  and 
vice  versa. 

Given  the  side  I  ==  49°  17',  and  its  adjacent  angle  A  =  23°  28', 
to  find  the  hypothenuse. 

Making  A'  the  middle  part,  the  others  will  be  adjacent  parts, 
and,  therefore,  by  the  first  rule  we  have  c  =  51°  42'  37". 

In  a  spherical  triangle,  right-angled  at  C,  are  given  6  »  29°  12' 
50",  and  B  «  37°  26'  21",  to  find  the  side  a. 

Taking  a  for  the  middle  part,  the  other  two  will  be  adjacent  parts ; 
hence  by  the  rule, 

Bad.  X  sin.  a  =  tan.  h  X  tan.  B' 

that  is,  rad.  x  sin.  a  ^  tan.  (  X  cot.  B 

tan.  h  X  cot.  B 
.-.sm-a :^ 

In  this  case,  there  are  two  solutions,  i.  e.  a  and  the  supple- 
ment of  a,  because  both  of  them  have  the  same  sine.  As  sin.  a 
is  necessarily  positive,  h  and  B  must  necessarily  be  always  of 
the  same  species,  so  that,  as  observed  before,  the  sides  inclmding 
the  right  angle  are  always  of  the  same  species  as  the  opposite 
angles. 


8PHBRICAL  TBiaONOHBIET* 


881 


In  working  this  example, 
ire  find  the  log.  siik  a  = 
9-8685411,    which    corre- 
sponds to  46^  55'  02", 
or,  183^  04'  58". 

It  appears,  therefore, 
that  a  is  aniiguoiu^  for 
there  exist  two  right-angled 
triangles,  having  an  ohlique 
angle,  and  the  opposite  side 
in  the  one  equal  to  an 
obliqne  angle  and  an  oppo- 
site side  in  the  other,  but 
the  remaining  oblique  angle 
in  the  one  the  supplement 

of  the  remaining  oblique  

angle  in  the  other.  These  triangles  are  situated  with  respect 
to  each  other,  on  the  sphere,  as  the  triangles  ABC,  ADO, 
in  the  annexed  diagram,  in  which,  with  the  exception  of  the 
eommon  side  AC,  and  the  equa]  angles  B,  D,  the  parts  of  the 
one  triangle  are  supplements  of  the  corresponding  parts  of  the 
other. 

In  a  right-angled  spherical  triangle  are 

r,.    „/the  side  a =  42°  12',  \to  find  the  adjacent 

^^^^^  \  its  opposite  angle  A  =  48°        /  angle  B. 

The  complement  of  the  given  anele  is  the  middle  part;  and 
neither  a  nor  B'  being  joinea  to  A',  they  are  consequently  opposite 
parts ;  hence,  the  angle  B  »  64°  85',  or  115°  25' ;  this  case,  like 
the  last,  being  ambiguous,  or  doubtful. 

Given  a  =  11°  80',  and  A  «  28°  80',  to  find  the  hypothenuse  c. 
c  =5  80®,  or  150°,  being  ambiguous. 

In  a  right-angled  triangle,  there  are  given  the  two  perpendicu- 
lar sides,  via.  a  =  48°  24'  16",  b  =  59°  38'  27",  to  find  the 
angle  A. 

A  =  66°  20'  40". 
Given  a  «  142°  81',  6  «  54°  22',  to  find  a. 
€  - 117°  88'. 

{A  ^  87°  25'  1 
g  _    L  JO   J-Bequired  the  side  a. 

a  «  86°  81'. 
^^^^  {  B  -  ^"^  82'  tr  }*^  *^^  *^®  hypothenwe  0. 


e  «  70°  28'  42". 
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MEASTJXEKEVT  OF  AITGLES. 

From  the  "  CM  Engineer  and  Archiiecfs  Journal,"  far  Od,  and  Koc.  1847. 

A  M£W  METHOD  Or  MSASUBINO  THE  DEGREES^  MINUTES,  ETC.,  IN  AITT 
BECTTLINEAB  ANQLE  BT  COMPASSES  ONLY,  WITHOUT  USING  SCALE  OE 
PBOTBAOTOB. 

Apply  AB  »  o;,  from  B  to  1 ;  from  1  to  2;  from  2  to  8 ;  from 

8  to  4 ;  from  4  to  5.     Then  take  B  5,  in  the  compasses,  and  apply 
it  from  B  to  6 ;  from  6  to  7 ;  from  7  to  8 ;  from  8  to  9 ;  and  fi:x>m 

9  to  10,  near  the  middle  of  the  arc  AB.    With  the  same  openmg, 


B  5  or  A  4,  or  y,  which  we  shall  term  it,  lay  off  4,11,  11,12,  and 
12,18.  Then  the  arc  between  18  and  10  is  found  to  be  contained 
23  times  in  the  arc  AB. 
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Hence,  we  have, 


860° 


5a?  — y 
9y  +  z 

22  a? 

207* 

By  snbstitating  this  yalae  in  the  first  equation,  we  obtain, 

22  a? 
^^"207  "'^^^• 
860  X  207 


+  28 


1018  a? 


«  860,  and  x 


78°  88'-82. 


207  -"-->»"«*-  1018 
Apply  AB  as  Xy  from  B  to  1 ;  from  1  to  2 ;  from  2  to  8 ;  from 
8  to  4.  Then  take  B  4,  in  the  compasses,  and  apply  it  on  the  arc, 
from  B  to  4 ;  from  4  to  5 ;  from  5  to  6 ;  from  6  to  7 ;  and  from 
7  to  8,  near  die  middle  of  the  arc  AB.  With  the  same  opening, 
B  4  «  y,  lay  off  A  9,  9,10,  10,11, 11,12, 12,18,  and  18,14.  The 
arc  between  14  and  8  is  found  to  be  contained  nearly  24  times  in 
the  arc  AB.    Therefore,  we  have, 

4a?  +  y  =  860; 
lly—  «  «  a?; 

24 z  »  a;;  or,  z 


X 

24- 


X  25a? 

.'.  iiy-gi^'^J      ••.y='264- 

Substituting  this  value  of  y  in  the  first  equation, 

25a? 
4x  +  o5T  -860; 


X  = 


264 
860  X  264 

1071       ' 


88°  44'-838. 


How  to  lay  off  an  angle  of  any  number  of  degrees^  minutes^  ^c,^ 
with  compasses  only^  without  the  use  of  scale  or  protractor. 
Let  it  be  required 
to  lay  off  an  angle  of 
36°  40' «  0.  Take  any 
small  opening  of  the 
compasses  less  than 
one-tenth  of  the  ra- 
dius, and  lay  off  any 
number  of  equal  small 
arcs,  from  A  to  1; 
from  1  to  2 ;  from  2  to 
3y  &;c.,  until  we  have 
laid  off  an  arc,  AB, 
greater  than  the  one 
required.  Draw  BJ 
through  the  centre  o, 
then  will  the  arc  a  i  = 
arc  ABy  which  we  shall 
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put  «>■  20t  in  this  example,  and  proceed  to  measure  ab  m  in  the 
first  example.  Lay  off  a  i  from  ft  to  c ;  from  etod;  from  d  to  e; 
from  etof;  from  /  to  g.    Patting  g  a^  A^,  then, 

108 
6  X  20t  +  At  —  860®  ■«  -jjp;  because, 

860®        21600      108 
86°  40'  "  2200  "  11  • 
Lay  off,  as  before  directed,  ^  a,  »  Ad  from  a  to  A,  from  A  to  i, 
and  (  to  t ;  then  calling  s  tj  A^  we  have 

8At  + A.  «20t; 

and  we  find  that  « t  is  contained  28  times  in  the  arc  a  ft ; 

108 
•%  120t+  At--ij;^;  8  A,  + A.  =  20t;  and  28  A,  «  20t. 

Eliminating  Aj  and  A„  we  find 
29205 
fl  ■■  2268  ^  ™  ^^'^  *™^  *  nearly ; 

.'.  86®  40'  B  Z.  A  0  N  is  laid  off  with  as  much  ease  and  certautj 
as  by  a  protractor. 

As  a  second  example,  let  it  be  required  to  lay  off  an  angle  of 

182®  27'.    From  180®  0'  take  132®  27'  =  47°  83',  which  put  =  fi. 

860®         2400    ,  '    ,      »         o.,^« 

^yo  gg/  ■»  -gji*^  when  put  «*  ^  then  j?  =  ooO®  «  ^ 


We  have  laid  off  29  small  arcs  from  A  to  B ;  29  »  «.    AB  » 
aft*Bfte»ed»de»«/.  Anda^r »  ftA  — a/»  At;  hg^^l^ 

.-.  6  X  29t  +  A,  «  860®  -  jU  -  me  t  ±  A,       (1) 

2  At  -  A.  =  29t,  orn  A,  =fc  A.  -  •♦         (2) 
18A.='29t,       or       jA.-**         C) 
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Eliminating  Ai  snd  A19  we  have 

{mnq±:{qzpl)},6         {5'2'18  +  (13  +  1)}29'81T 


nq  ^  2400-2-18 


1328729 

g24AQ  t  ^  21i  times  ^  very  nearly*    Hence  the  line  0  N  deter- 
mines the  angle  aoN  «-  182''  27'. 
In  the  expression 

sohstitnting  the  nnmerals  of  the  first  example,  then 
{6-8-28  +  (28  -  1)}2011        29205         ,^  ^  . 

*  =* 108-8'28 ♦  "'■2268"*  "  12-9 tunes t  nearly, 

the  result  before  obtained. 

The  ambignons  u^pas  of  (R)  cannot  be  mistaken  or  lead  to  error, 
if  the  manner  in  which  it  is  deduced  from  (1),  (2),  (8),  be  attended 
to.    From  (8) 

As  ■■  — ;  substituting  this  value  of  Au  in  (2), 

nAi=**=T=A»'=*«t=F— ;  which,  when  substituted  for  Ai 
in  (IX  gives 

-/8  —  mit:t:^(«t=F  ~)  l  from  which  (R)  is  found. 

This  method  of  measuring  angles  is  more  exact  than  it  may  ap- 
pear ;  for  if,  in  the  first  example,  we  take 

Sa:  —  y  «  860;  dy  +  z^  x;  and  20«  «  a;, 
64800 
then  X  «  -ggj-  =  78°  88'  85. 

The  first  equations  gave  78°  88'  82  when  28  2;  »  rr,  so  it  does 
not  matter  much  whether  20,  21,  22,  28,  24,  or  25  times  z  make 
X.    This  fact  is  particularly  worth  attention. 

Given  the  three  angles  to  find  the  three  sides. 

The  following  formulas  give  any  side  a  of  any  spherical  triangle. 

.     ,  ^—  cos.  J  S  COS.  (J  S  —  A)       , 

sm.  1  a  a»  \/ -' — T>   .     n '.  and 

*  ^  sm.  B  sm.  0  * 

COS.  (^  8  -  B)  COS.  (1  8  -  C) 

COS.  *  d  ^  >/  «:«    T>  «;,^    7\  ' — 

'  sm.  i>  sm.  U. 

Given  the  three  sides  to  find  the  three  angles. 

.     1  A         >D>  (i  S  -  ft)  sin,  g  8  -  (?) 
*  sm.  0  sm.  {?. 

sin.  \  S  sin.  (J  8  —  a) 

COS.  ♦  A  «  V «;«   A  «,«   ^ 

^  sm.  9  sm.  <?• 

25 


8PS0IFIG  ORAYITT,  GBNTRI  OF  GRAYTTY,  AlTD  OTHER  CENTRES  OF  BODIIB. 
'^WBlOfiTB  or  ENOniEERIlYO  AND  lOOHAMlOAL  BfATB&IAIA. — BEAM, 
COPffSR,  STEEL,  IRON,  WATER,  STONE,  LEA!),  TIN,  ROUNB^  SQUABS,  FLAT, 
ANGULAR,  ETC. 

1.  In  a  second,  the  acceleration  of  a  body  Falling  freely  in  Taeoo 
is  32*2  feet;  what  velocity  has  it  acquired  at  the  end  of  5  seoonds? 

32-2  X  5  =  161  feet,  the  velocity. 

2.  A  cylinder  rolling  down  an  inclined  plane  with  an  initial  velo- 
city of  24  feet  a  second  and  suppose  it  to  acquire  each  second  5  ad- 
ditional feet  velocity ;  what  is  its  velocity  at  the  end  of  3-7  seconds  t 

24  +  3-7  X  5  =  42-5  feet. 

3.  Suppose  a  locomotive,  moving  at  the  rate  of  30  feet  a  second, 
(as  it  is  usually  termed,  with  a  30  feet  velocity,)  and  suppose  it  to  lose 
5  feet  velocity  every  second ;  what  is  its  velocity  at  the  end  of  3*33 
seconds  ? 

The  acceleration  is  —  3*33,  negative. 

.-.  80  -  6  X  3*33  «  18*85  feet 

4.  If  a  body  has  acquired  a  velocity  of  36  feet  in  11  seooiidi^ 
by  uniformly  accelerated  motion ;  what  is  the  space  described? 

36x11       ^^^^ 
— 2 —  =»  198  feet. 

5.  A  carriage  at  rest  moves  with  an  accelerated  motion  over  a 
space  of  200  feet  in  45  seconds ;  at  what  veloeiQr  does  it  proceed 
at  the  beginning  of  the  46th  second  ? 

200  x2 

— j= —  SB  8'8889  feet,  the  velocity  at  the  end  of  the  45th  second. 

The  four  fundamental  formulas  of  uniformly  accelerated  motion  are 
vt  pf  V* 

V  the  velocity,  p  the  acceleration,  t  the  time,  and  s  the  space. 

6.  What  space  will  a  body  describe  that  moves  with  an  accele- 
ration of  11*5  feet  for  10  seconds. 

11-5  X  (10)*       ^^^  ^ 
2  ^    '  «  575  feet. 

7.  A  body  commences  to  move  with  an  acceleration  of  5*5  feet| 
and  moves  on  until  it  is  moving  at  the  rate  of  100  feet  a  second; 
what  space  has  it  described  ? 

^  X  5.5  -  909-09  feet. 
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8.  A  bodj  is  propelled  with  an  initial  velocity  of  8  feet,  and  with 
an  acceleration  of  8  feet  a  second;  what  space  is  described  in 
18  seconds  7 

8xl8  +  ^-^^^'«715feet. 

9.  What  distance  will  a  body  perform  in  85  seconds,  commenc- 
ing with  a  Telocity  of  10  feet,  and  being  accelerated  to  move  with 
a  velocity  of  40  feet  at  the  beginning  of  the  86th  second  ? 

10  +  40 

2 X  85  B  875  feet,  the  distance. 

The  formulas  for  a  uniformly  accelerated  motion,  commencing 
with  a  velocity  e,  are  as  follow : — 

.  pfi  c  +  V  v*  —  c* 

The  succeeding  formulas  are  applicable  for  a  uniformly  retarded 
motion  with  an  initial  velocity  e. 


pfi  e  +  V  <j*  —  t;* 


v^e-pt;     «-(?«--^;     i^—^t;     » -  "^T" 

10.  A  body  rolls  up  an  inclined  plane,  with  an  initial  velocity 
of  50  feet,  and  suffers  a  retardation  of  10  feet  the  second;  to  what 
height  will  it  ascend  7 

50 

Yq  »  5  seconds,  the  time. 

(50)* 
o  ^^Q  a-  125  feet,  the  height  required. 

The  free  vertical  descent  of  bodies  in  vacuo  offers  an  important 
example  of  uniformly  accelerated  motion.  The  acceleration  in  the 
previous  examples  was  designated  by  py  but  in  the  particular  mo- 
tion, brought  about  by  the  force  of  gravity,  the  acceleration  is 
designated  by  the  letter  ffj  and  has  the  mean  value  of  82*2  feet. 

If  this  value  of  ^  be  substituted  for  j9,  in  the  preceding  formula, 
we  have, 

V  «  82-2  xt;v^  8-024964  x s/i;  s-16-1  xf;  8^  -015628  x  t;»; 
t  «  -031056  X  »;  and  t  «  -2492224  X  •«. 

11.  What  velocity  will  a  body  acquire  at  the  end  of  5  seconds, 
in  its  free  descent  7 

82-2  X  5  =  161  feet. 

12.  What  velocity  will  a  body  acquire,  after  a  free  descent 
through  a  space  of  400  feet? 

8-024964  X  •iOO  «  160-49928  feet 
18.  What  space  will  a  body  pass  over  in  its  free  descMit  during 
10  seconds? 

16-1  X  (lOy  -  1610  feet. 
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14.  A  body  falling  freely  in  vaoaoy  has  in  its  free  descent 
acquired  a  Telocitj  of  112  feet ;  what  space  is  passed  over  T 

•015628  X  (112)«  -  194-788232  feet 

15.  In  wliat  time  will  a  body  falling  freely  acquire  the  velocity 
of  80  feet  7 

•081056  X  SO  »  -98168  seconds. 

16.  In  what  time  will  a  body  pass  over  a  space  of  16  feet,  fall- 
ing freely  in  yacao  7 

•2492224  x  •16  -  -9968896  seconds. 
If  the  free  descent  of  bodies  go  on,  with  an  initial  Telocity, 
which  we  may  call  e^  the  formulas  are, 

8^et  +  g^^et  +  16'lxfi;  »-^^^« -015528 (t;»- 4 

If  a  body  be  projected  vertically  to  height,  with  a  velocity  which 
we  shall  term  <?,  then  the  formulas  become, 

fi 

t;  »  I?  —  82-2  X  e;  V  —  v/<j«  —  64-4  x  s;  «  —  <?<  —  jTg'" 

et  -  16-1  X  e»;  »  «  ^^  -  -015528  (c»  -  v"). 

17.  What  space  is  described  by  a  body  passing  from  18  feet  velo- 
city to  80  feet  velocity  during  its  free  descent  in  vacuo. 

From  the  annexed  table,  we  find  that  the  height  due  to  30  feet 

velocity ==13-97516 

The  height  due  to  18 «    5-03106 

Space  described 8-94410 

Since  this  problem  and  table  are  often  required  in  practical  me- 
chanics, we  shall  enter  into  more  particulars  respecting  it. 

^•"     2g     ^2g^2g^ 
if  we  put  A  *B  height  due  to  the  initial  velocity  c\  that  is, 

A  «  2^ '  ^^^  ^1  ^  ^'^  height  due  to  the  terminal  velocity  v ;  that  is, 

«  »  i^  —  A,  f or  falling  bodies,  as  in  the  last  example ;  and 

»  ■"  A  —  Aj,  for  ascending  bodies. 
Although  these  formulas  are  only  strictly  true  for  a  free  descent 
in  vacuo,  they  may  be  used  in  air,  when  the  velocity  is  not  great 
The  table  will  be  found  useful  in  hydraulics,  and  for  other  heights 
and  velocities  besides  those  set  down,  for  by  inspection  it  is  seen 
that  the  height  -201242  answers  to  the  velocity  8-6 ;  and  the  hdght 
20-12428  to  86 ;  and  the  height  2012-428  to  860 ;  and  so  on. 
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Tablb  of  the  HeighU  corresponding  to  different  Velocities^  in  feet 

the  second. 


n 

OOBBSwomniro  Hbior  ur  rsn. 

0 

1 

2 

8 

4 

6 

6 

7 

8 

9 

^xxnoo 

•000166 

^W0621 

•001896 

•003484 

^K)8883 

•006600 

•007609 

•012578 

-015628 

•018789 

•O20662 

•0M242 

•0304848 

-0840879 

-030762 

•044676 

•060811 

•066066 

•06Z1U 

■068478 

•076166 

•062148 

•080441 

-097060 

•104060 

•118199 

-121739 

-130690 

•139762 

-140224 

-160006 

•160000 

•187888 

-100317 

•301242 

•212677 

•S243M 

•386180 

•248447 

•301026 

•278018 

•286714 

•300621 

-814441 

•828678 

•843018 

-867764 

-872836 

-888190 

•408882 

•410877 

•430180 

•462706 

-460720 

•486066 

•604608 

•632860 

•660678 

•6600M 

-677706 

•606804 

-610304 

•636026 

•666060 

•676307 

•697060 

•718013 

•789286 

•7W870 

•782704 

•804070 

-827484 

•860310 

•878447 

•806896 

•930662 

•944721 

•969000 

•908789 

1-018700 

1-044100 

1-060720 

1-006652 

1121806 

1148421 

1-176811 

1^30l48a 

1-230071 

1-267764 

1-286860 

1-814286 

1-843012 

1-373060 

1-401400 

1-431056 

1*461026 

1-491804 

1-521894 

The  following  extension  is  obtained  from  the  foregoing  table, 
bj  mere  inspection,  and  moving  the  decimal  point  as  before  di- 
rected. 


p 

Htiglitia^Fwt. 

p 

Height  la  r««fe. 

^ 

BtSff^rSSi. 

P 

HtishtiiiFBS 

>£ 

>A 

►J 

^A 

10 

1-652796 

19 

6-60669 

28 

1217392 

87 

21-26777 

11 

1-878882 

20 

6^21118 

29 

1806901 

88 

22-42286 

12 

2-066218 

21 

684788 

80 

18-97516 

89 

23-61802 

18 

2-624224 

22 

7-61668 

81 

14-92287 

40 

24-84472 

14 

8-043478 

28 

8-21429 

82 

16-90062 

41 

2610249 

16 

849879 

24 

8-94410 

88 

16-90994 

42 

27-89181 

16 

8-97616 

26 

9-70497 

84 

18*78888 

48 

28-67148 

17 

4-48768 

26 

10-49690 

86 

1902174 

44 

80-06212 

18 

6-08106 

27 

11-81988 

86 

2012428 

46 

81-4441 

18.  What  mass  does  a  body  weighing  80268  lbs.  contain  ! 

80268   802680   ^,^  ,^ 
940  lbs. 


82-2 


822 


For  the  mass  is  equal  to  the  weight  divided  by  ff.  And  ff  is 
taken  equal  to  82*2;  but  the  acceleration  of  gravitv  is  somewhat 
variable ;  it  becomes  greater  the  nearer  we  approach  the  poles  of 
the  earth.  It  is  greatest  at  the  poles  and  least  at  the  equator, 
and  also  diminishes  the  more  a  body  is  above  or  below  the  level  of 
the  sea.  The  fnasSj  so  long  as  nothing  is  added  to  or  taken  from 
it,  is  invariable,  whether  at  the  centre  of  the  earth  or  at  any  dis- 
tance firom  it.    If  M  be  the  mass  and  W  the  weight  of  a  body, 

Then  M  -  ^  =  ^  -  -0810559  W. 

19.  What  is  the  mass  of  a  body  whose  weight  is  200  lbs  7 
•081055  X  200  -  6-21118  lbs. 

The  weight  of  a  body  whose  mass  is  200  lbs.  is  82-2  X  200  « 
6440*0  lbs.  It  may  be  remarked,  that  one  and  the  same  steel 
spring  is  differently  bent  by  one  and  the  same  weight  at  different 
places. 

The  force  which  accelerates  the  motion  of  a  heavy  bod;^  on  an 
inclined  plane,  is  to  the  force  of  gravity  as  the  sine  of  the  inolina- 
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tion  of  the  plane  to  the  radios,  or  ba  the  height  of  the  plane  to  its 
length. 

The  velocity  acquired  by  a  body  in  falling  from  rest  througli  a 
given  height,  is  the  same,  whether  it  fall  freely,  or  descend  on  a 
plane  at  whatever  inclination. 

The  space  through  which  a  body  will  descend  on  an  inclined 
plane,  is  to  the  space  through  which  it  would  fall  freely  in  the  same 
time,  as  the  sine  of  the  inclination  of  the  plane  to  the  radius- 

The  velocities  which  bodies  acquire  by  descending  along  chords 
of  the  same  circle,  are  as  the  lengths  of  those  chords. 

If  the  body  descend  in  a  curve,  it  suffers  no  loss  of  velocity. 

The  centre  of  gravity  of  a  body  is  a  point  about  which  aU  its 
parte  are  in  equilibrio. 

Hence,  if  a  body  be  suspended  or  supported  by  this  point,  the 
body  will  rest  in  any  position  into  which  it  is  put.  We  may,  there- 
fore, consider  the  whole  weight  of  a  body  as  centred  in  this  point 

The  common  centre  of  gravity  of  two  or  more  bodies,  is  the  pomt 
about  which  they  would  equiponderate  or  rest  in  any  position.  If 
the  centres  of  gravity  of  two  bodies  be  connected  by  a  right  Ime^ 
the  distances  from  the  common  centre  of  gravity  are  reciprocally 
as  the  weights  of  the  bodies. 

If  a  line  be  drawn  from  the  centre  of  gravity  of  a  body,  perpen* 
dicular  to  the  horizon,  it  is  called  the  line  of  direction,  being  the 
line  that  the  centre  of  gravity  would  describe  if  the  body  fell  freely. 

The  centre  of  gyration  is  that  part  of  a  body  revolving  about  an 
aziSj  into  which  ^  the  whole  quantity  of  matter  were  collected,  the 
same  moving  force  would  generate  the  same  angular  velocity. 

To  find  the  centre  of  Gyration. — Multiply  the  weight  of  the 
several  particles  by  the  squares  of  their  distances  from  the  centre 
of  motion,  and  divide  the  sum  of  the  products  by  the  weight  of  the 
whole  mass ;  the  square  root  of  the  quotient  will  be  the  distance 
of  the  centre  of  gyration  from  the  centre  of  motion. 

The  distances  of  the  centre  of  gyration  from  the  centre  of  mo- 
tion, in  different  revolving  bodies,  are  as  follow : — 

In  a  straight  rod  revolving  about  one  end,  the  length  X  -5773. 

In  a  circular  plate,  revolving  on  its  centre,  the  radius  X  -7071. 

In  a  circular  plate,  revolving  about  one  diameter,  the  radius  X  *5. 

In  a  thin  circular  ring,  revolving  about  one  diameter,  radius  X 
•7071. 

In  a  solid  sphere,  revolving  about  one  diameter,  the  radius  x 
•6825.      . 

In  a  thin  hollow  sphere,  revolving  about  one  diameter,  radius  x 
•8164.  1'       >  8 

In  a  cone,  revolving  about  its  axis,  the  radius  of  the  base  x 
•6477. 

In  a  right-angled  cone,  revolving  about  its  vertex,  the  height  X 
'866. 
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In  a  paraboloid,  revolying  about  its  axis,  the  radius  of  the  base 
X  -6773. 

The  centre  of  percussion  {%  that  point  in  a  body  revolving  dSout 
a  fixed  axiSj  into  which  the  whole  of  the  force  or  motion  is  collected. 

It  iSy  therefore,  that  point  of  a  revolying  body  which  would  strike 
any  obstacle  with  the  greatest  effect ;  and,  from  this  property,  it 
has  received  the  name  of  the  centre  of  percussion. 

The  centres  of  oscillation  and  percussion  are  in  the  same  point. 

If  a  heavy  straight  bar,  of  uniform  density,  be  suspended  at  one 
extremity,  the  distance  of  its  centre  of  percussion  is  two-thirds  of 
its  length. 

In  a  long  slender  rod  of  a  cylindrical  or  prismatic  shape,  the 
centre  of  percussion  is  nearly  two-thirds  of  the  length  from  the 
axis  of  suspension. 

In  an  isosceles  triangle,  suspended  by  its  apex,  the  distance  of 
the  centre  of  percussion  is  three-fourths  of  its  altitude.  In  a  line 
or  rod  whose  density  varies  as  the  distance  from  the  point  of  sus- 
pension, also  in  a  fly-wheel,  and  in  wheels  in  general,  the  centre 
of  percussion  is  distant  from  the  centre  of  suspension  three-fourths 
of  the  length. 

In  a  very  slender  cone  or  pyramid,  yibrating  about  its  apex,  the 
distance  of  its  centre  of  percussion  is  nearly  four-fifths  of  its  length. 

Pendulums  of  the  same  length  vibrate  slower,  the  nearer  they 
are  brought  to  the  equator.  A  pendulum,  therefore,  to  vibrate 
seconds  at  the  equator,  must  be  somewhat  shorter  than  at  the  poles. 

When  we  consider  a  simple  pendulum  as  a  ball,  which  is  sus- 
pended by  a  rod  or  line,  supposed  to  be  inflexible,  and  without 
weight,  we 'Suppose  the  whole  weight  to  be  collected  in  the  centre 
of  gravity  of  the  ball.  But  when  a  pendulum  consists  of  a  ball, 
or  any  other  figure,  suspended  by  a  metallic  or  wooden  rod,  the 
length  of  the  pendulum  is  the  distance  from  the  point  of  suspension 
to  a  point  in  the  pendulum,  called  the  centre  of  oscillation^  which 
does  not  exactly  coincide  with  the  centre  of  gravity  of  the  ball. 

If  a  rod  of  iron  were  suspended,  and  made  to  vibrate,  that  point 
in  which  all  its  force  would  be  collected  is  called  its  centre  of  oscil- 
lation, and  is  situated  at  two-thirds  the  length  of  the  rod  from  the 
point  of  suspension. 

SPECIFIC  OEAVITY. 

Thb  comparative  density  of  various  substances,  expressed  by  the 
t^rm  specific  ffravitffy  affords  the  means  of  readily  determinmg  the 
bulk  from  the  known  weight,  or  the  weight  from  the  known  bulk ; 
and  this  will  be  found  more  especially  useful,  in  cases  where  the 
substance  is  too  large  to  admit  of  being  weighed,  or  too  irregular 
IB  shape  to  allow  of  correct  measurement.  The  standard  with 
which  all  solids  and  liquids  are  thus  compared,  is  that  of  distilled 
water,  one  cubic  foot  of  which  weighs  1000  ounces  avoirdupois ; 
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and  the  specific  gravity  of  a  solid  body  is  determined  by  the  dif- 
ference between  its  weight  in  the  air,  and  in  water.     Thna, 

If  the  body  be  heavier  than  water,  it  will  displace  a  quantity  of 
floid  equal  to  it  in  bulkj  and  will  lose  as  much  weight  on  immersioii 
as  that  of  an  equal  bulk  of  the  fluid.  Let  it  be  weighed  first, 
therefore,  in  the  air,  and  then  in  water,  and  its  weight  in  the  air 
be  divided  b^  the  difference  between  the  two  weights,  and  tlie  quo- 
tient will  be  its  specific  gravity,  that  of  water  being  unity. 

A  piece  of  copper  ore  weighs  56^  ounces  in  the  air,  and  43| 
ounces  in  water ;  required  its  specific  gravity. 
66-25  —  43-75  — 12-6  and  56-25  -h  12-5  =  4-5,  the  specific  gravity. 

If  the  body  be  lighter  than  water,  it  will  float,  and  displace  a 
quantity  of  fluid  equal  to  it  in  weighty  the  bulk  of  which  will  be  equal 
to  that  only  of  the  part  immersed.  A  heavier  substance  most, 
therefore,  be  attached  to  it,  so  that  the  two  may  sink  in  the  fluid. 
Then,  the  weight  of  the  lighter  substance  in  the  air,  must  be  added 
to  that  of  the  neavier  substance  in  water,  and  the  weight  of  both 
united,  in  water,  be  subtracted  from  the  sum ;  the  weight  of  the 
lighter  body  in  the  air  must  then  be  divided  b  v  the  difference,  and  the 
quotient  will  be  the  specific  gravity  of  the  lighter  substance  required. 

A  piece  of  fir  weighs  40  ounces  in  the  air,  and,  being  immersed 
in  water  attached  to  a  piece  of  iron  weighing  SO  ounces,  the  two 
together  are  found  to  weigh  3*3  ounces  in  water,  and  the  iron  alone, 
25*8  ounces  in  the  water ;  required  the  specific  gravity  of  the  wood. 

40  +  25*8  =  65-8  -  3-3  =  62*5;  and  40  -«-  62*5  «  0-64,  the 
specific  gravity  of  the  fir. 

The  specific  gravity  of  2k  fluid  may  be  determined  by  taking  a 
solid  body,  heavy  enough  to  sink  in  the  fluid,  and  of  known  spe- 
cific gravity,  and  weighmg  it  both  in  the  air  and  in  the  fluid.  The 
difference  between  the  two  weights  must  be  multiplied  by  the  spe- 
cific gravity  of  the  solid  body,  and  the  product  divided  by  the 
weight  of  the  solid  in  the  air :  the  quotient  will  be  the  specific 
gravity  of  the  fluid,  that  of  water  being  unity. 

Required  the  specific  gravity  of  a  given  mixture  of  muriatic  acid 
and  water ;  a  piece  of  glass,  the  specific  gravity  of  which  is  3, 
weighing  3|  ounces  when  immersed  in  it,  and  6  ounces  in  the  air. 

6  -  3-75  «  2*25  x  3  =  6-75  -t-  6  -  1-125,  the  specific  gravity. 

Since  the  weight  of  a  cubic  foot  of  distilled  water,  at  the  tem- 
perature of  60  degrees,  ^Fahrenheit,)  has  been  ascertained  to  be 
1000  avoirdupois  ounces,  it  follows  that  the  specific  gravities  of  all 
bodies  compared  with  it,  may  be  made  to  express  the  weight,  in 
ounces,  of  a  cubic  foot  of  each,  by  multiplying  these  specific  gra- 
vities (compared  with  that  of  water  as  unity)  by  1000.  Thus,  that 
of  water  being  1,  and  that  of  silver,  as  compared  with  it,  being 
10-474,  the  multiplication  of  each  by  1000  will  give  1000  ounces 
for  the  cubic  foot  of  water,  and  10474  ounces  for  the  cubic  foot 
of  silver. 
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In  the  following  tables  of  tpeeific  gravitieSj  the  numbers  in  the 
first  eolamn,  if  taS:en  as  whole  numbers,  represent  the  weight  of  a 
cubic  foot  in  ounces ;  but  if  the  last  three  figures  are  taken  as  deci- 
mals, thej  indicate  the  specific  gravity  of  the  body,  water  being 
considered  as  unity,  or  1. 

To  ascertain  the  number  of  cubic  feet  in  a  substance,  from  its 
weight,  the  whole  weight  in  pounds  avoirdupois  must  be  divided  by 
the  figures  against  the  name,  in  the  second  column  of  the  table, 
taken  as  whole  numbers  and  decimals,  and  the  quotient  will  be  the 
contents  in  cubic  feet. 

Required  the  cubic  content  of  a  mass  of  cast-iron,  weighing  7  cwt. 
lqr.=  Siaibs. 

812  lbs.  -4-  450*5  (the  tabular  weight)  —  1*808  cubic  feet. 

To  find  the  weight  from  the  measurement  or  cubic  content  of  a 
substance,  this  operation  must  be  reversed,  and  the  number  of  cubic 
feet,  found  by  the  rules  given  under  ^^  Mensuration  of  Solids," 
multiplied  by  the  figures  in  the  second  column,  to  obtain  the  weight 
in  pounds  avoirdupois. 

Required  the  weight  of  a  log  of  oak,  3  feet  by  2  feet  6  inches, 
and  9  feet  long. 

9  X  8  X  2*5  —  67-5  cubic  feet. 

And  67-6  x  58-2  (the  tabular  weight)  =  8928*5  lbs.,  or  85  cwt. 
0  qr.  8|  lbs. 

The  velocity  g,  which  is  the  measure  of  the  force  of  gravity, 
varies  with  the  latitude  of  the  place,  and  with  its  altitude  above 
the  level  of  the  sea. 

The  force  of  gravity  at  the  latitude  of  45^  «  82-1808  feet;  at 
any  other  latitude  iT,  g  «  82-1803  feet  —  0-0821  cos.  2  L.  If 
g^  represents  the  force  of  gravity  at  the  height  h  above  the  sea, 
and  r  the  radius  of  the  earth,  the  force  of  gravity  at  the  level  of  the 

sea  will  be  g  ^g'  (1  +  j^. 

In  the  latitude  of  London,  at  the  level  of  the  sea,  g  »  32*191  feet. 
Do.  Washington,       do.         do.,   g  *=»  32-155  feet. 

The  length  of  a  pendulum  vibrating  seconds  is  in  a  constant 
ratio  to  the  force  of  gravity. 

i  «  9-8696044. 

Length  of  a  pendulum  vibrating  seconds  at  the  level  of  the  seOj  in 
various  latitudes. 

At  the  Equator 89-0152  inches. 

Washington,  lat.  38°  58'  23^' 39-0958     — 

New  York,    lat.  40°  42'  40'' 39*1017     — 

London,        lat.  51°  31' 39-1398     — 

lat.  45° 39-1270     — 

\sX.L 39*1270  in.— 0-09982  COS.  2  2;. 
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Speeifie  GrauUjf  of  variou$  SubitaneeM. 
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Bnner    .       .       ,       * 

In&iwa        .        ,         , 

Iruft     .... 

li^,       .       ,       . 

1       Oiiiam    «       «       •       . 

Taw      .       . 

W7 

fiO-A 

QAilB* 

ATOTlSf  1SABTHB,  CtO. 

AlfthB<t«r,  reUow 

Zfl» 

IfflS 

Oil.       ^ 

Tt>tl<      .... 

»,7*J 

nil  6 

1 

Bur*i    .... 

1.7U 

liHi 

AOBOc^rk,  4tf  ocBuiua  ajr     . 

1-689 

Brick  earth 

. 

?000 

125-0 

^99 

Chalk    . 
Goal,CaaMl    . 

• 

2.7M 
1,270 

174-0 
794 

Asota 

•909 

Neveartle 

, 

1,270 

79-4 

Carboaie  oxide 

•960 

1240 

77-5 

•491 

Sooteh 
Emery  .    .       . 
Fliat,bl«ck.       . 

• ' 

* 

1.300 
4,000 

2,682 

81-2 
250-0 
162D 

Chloziaa      ,..,,,. 

•074 
1-278 

Hurfa^'^MU^    *.'.'.*.'. 

Olaai,  fliat 

. 

2,933 

170^9 

Nitroiugaa 

l«4 

white 

2,892 

1682 

Nitroua  add  cm 

2-437 

Granite,  Aberd.  b 

lite  ' 

im 

1641 

Oxygen      

1-104 

Ooroiah     .       . 

j 

2.662 
2,654 
^728 

1664 
166-9 
170-5 

StMm 

-690 

£g7£timn.red 

■'  • 

Bolphuroua  aeid 

1-7T7 
«9S 

SPBOinO  SBAVITr. 
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Tabli  of  the  Weight  qf  a 

Foot  ilk  hngth  of  Flat  and  Botted  Iron. 

1 

BBSAOXB  M  IZrCHXS  AM1>  PABTS  OW  AX  IWCH.                                                           | 

4 

8i 

8* 

H 

8 

2} 

^ 

2t 

2      li 

1* 

H 

u 

1 

} 

i 

• 

1-68 

1-67 

1-47 

1-86 

1-26 

1-16 

1-06 

OiM 

0-84   073 

0^ 

0-67 

0-53 

0-42 

0*31 

0-21 

tV 

t&l 

3-36 

2-20 

2-04 

1-89 

1-73 

1-67 

l**! 

1-26 

110 

0-94 

0-86 

0-78 

0-63 

0-47 

0-81 

9-36 

8-18 

2iM 

2-73 

2-62 

2-31 

210 

1-89 

1-68 

1-47 

1-26 

118 

1-05 

0-84 

0-63 

0'42 

5-04 

4-72 

4-41 

4-09 

3-78 

3-46 

3-15 

2'88 

2-62 

2-20 

1-89 

1-73 

1-67 

1-26 

0-94 

0-63 

6^72 

6-30 

6-88 

6-46 

6-04 

4-62 

4-20 

3-78 

3-86 

2-94 

2-62 

2-31 

210 

1-68 

1-26 

8-40 

7-87 

7-86 

6-82 

6-30 

6-77 

6-26 

4-72 

4-20 

8-67 

8-15 

^8 

2-68 

210 

1-67 

1<H)8 

0-45 

8-82 

8-19 

7-66 

6i« 

6-30 

6^ 

6-04 

4-41 

3-78 

3-4t( 

3-16 

2-62 

1K6 

11-02 

10-29 

9-46 

8-82 

8-06 

7-36 

0-61 

6-88 

6-14 

4-41 

4-04 

3-67 

2-94 

18-44 

12-60 

11-76 

10i« 

10-08 

9-24 

8-40 

7-66 

6-72 

6-87 

6-04 

4-62 

4-20 

18-12 

1416 

18-20 

12-28 

U-34 

10-89 

9-46 

8-60 

7-66 

6-60 

6*07 

519 

4-72 

IfrSO 

15-76 

14-70 

18-66 

12-60 

11-66 

10-60 

0'46 

8-40 

7-86 

6-80  6-77 

18-48 

17-32 

16-16 

16-01 

18-86 

12-70 

11-55 

10-39 

924 

8-07 

ao>i8 

18-90 

1764 

16-38 

U-12 

18-86 

1260 

11-84 

10^)8 

8-80 

28-64 

22^ 

20-68 

19-11 

17-64 

16-17 

14-70 

1»22 

20-88 

25-20 

23-62    21-84 

20-16 

18-48 

16-80 

16-12 

H 

38-66 

81-50 

29-40   27-89 

a»-20 

2810 

8 

«m 

87-80 

36-28   82-76 

H 

47-04 

1 

Tabu 

1  of  the  Weight  of 

Cast-iron  Pipes^  \ 

m  lengths. 

1 

i 

1 

W«icht 

i 

t 

1 

WdsU. 

i 

I 

1 

W«l«l«k 

bflh. 

UOk. 

F««t. 

G  qr.  lb. 

laeh. 

Ineh. 

FMt 

Cqr.  lb. 

Inek. 

laoh. 

IW. 

C  qr.  lb. 

1 

f 

12 
21 

^ 

f 

2  0   16 
2  3  20 

lU 

ft 

6  0     7 
6  1  12 

u 

i 

^ 

^ 

21 
1     i 

1 

3  2  21 

4  1  21 

1 

7  2    8 
10  1     2 

2 

^ 

1     8 

1 

6  0  14 

12 

\ 

6  0  24 

f 

2     0 

7 

3  0     7 

ft 

6  2     8 

Si 

1 

1  16 

2  10 

3  3  20 

4  8     6 

1 

7  3  20 
10  8     0 

i 

3  10 

6  2     4 

12i 

\ 

6  1  16 

8 

! 

2  20 
1  0     6 
1  1  12 

r* 

3  16 

4  0  22 
6  0  10 

ft 
1 

1 

6  8     9 

8  10 

11  0  21 

« 

13     6 

7  0     0 

13 

\ 

5  2  20 

1 

2  10 

8 

3  2     4 

ft 

7  0  14 

3i 

f 

8     0 
1  0  21 

i  1  25 
5  1  18 

1 

1 

8  2     7 
11  2  12 

i 

1  2  U 

7  1  16 

m 

\ 

6  3     7 

t 

2  0     8 

8i 

3  3     2 

ft 

7  1  12 

1 

2  2     0 

i  2  26 

1 

8  8  16 

i 

1 

1  1  10 

6  2  22 

1 

11  3  24 

i 

1  3  12 

7  3     8 

14 

\ 

6  0     4 

1 

2  1  12 

9 

4  0     0 

ft 

7  2  16 

n 

2  2  21 

5  0     4 

1 

9  10 

^ 

1 

12    2 

6  0     2 

1 

12  1  14 

i 

2  0     4 

8  0  26 

14 

1 

6  0  24 

« 

2  2  14 

n 

4  0  18 

^ 

7  8  14 

1 

3  0  21 

6  10 

n 

9  2     2 

% 

i 

1  2  22 

6  16 

1 

12  3    6 

i 

2  1  10 

8  2  20 

16 

i 

6  1  21 

« 

2  3  17 

10 

i  1  10 

1 

9  8     7 

1 

3  1  24 

6  1  26 

1 

13  0  26 

H 

1 

1  3  10 

4  2  14 

u 

16  3     6 

i 

2  2    0 

9  0     8 

lih 

ft 

6  2  14 

« 

8  0  18 

lOi 

4  2  14 

1 

10  9  10 

1 

3  3    7 

6  3     7 

1 

18  2  17 

1 

6  0  12 

7  0     0 

u 

17  1     6 

6 

i 

2  0     0 

9  2     0 

16 

ft 

7  0  22 

\ 

2  2  21 

11 

4  8  14 

1 

10  1  20 

1 

3  1  17 

i 

6  0  11 

1 

14  0    8 

f 

4  0  16 

1 

7  17 

u 

17  3  U 

1 

6  2  2t 

1 

9  3  20 

u 

21  3    4 

896 
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Tablb  of  the  W$igU  of  one 

Foot  Length  of  MaHeahle  Iron. 

tWAMMmom.             1 

mourn  noM.                                    | 

SoMftUaf. 

Wtlchk 

DiMitlar. 

w«i(hi.      1 

W«iffht. 

iMhM. 

FMadf. 

Ia«h«. 

PMBda. 

iBOhM. 

rommU. 

0-21 

i 

b 

016 

1 

0-26 

' 

0-47 

1 

0-87 

1( 

0-41 

0-84 

[ 

0-66 

1 

0-69 

•  1-84 

. 

1-08 

1 

0-82 

, 

1-89 

1-48 

2 

1-06 

2-67 

202 

^ 

1-84 

1 

8*86 

2-68 

2 

1-66 

4*26 

1 

8-88 

2 

2-01 

6-26 

412 

8 

2-87 

6-86 

4-98 

8( 

2-79 

7-66 

6-98 

H 

8-24 

8-87 

6-96 

8 

8-69 

10*29 

8-08 

4 

4-28 

11-81 

1 

9-27 

4} 

6-86 

2 

18*44 

2 

10-66 

6 

6-61 

21 

17-01 

2 

18-86 

^ 

7-99 

2I 

21-00 

2 

16-48 

6' 

9-61 

2I 

26-41 

2 

19-96 

^ 

1118 

80-24 

8 

28-78 

7 

12-96 

H 

4116 

8 

27-86 

7J 

14-78 

68-76 

8 

82-82 

8 

16-92 

4} 

68-04 

8 

87-09 

^ 

19-21 

84-00 

4 

42-21 

9 

21-68 

120-96 

4i 

68-41 

10 

26-48 

164-64 

6 

66-98 

12 

81-99 

The  following  tables  are  rendered  of  great  atilitj  bj  means  of 
this  table : — 


The  weight  of  Water 
Copper 


being 


BrMfl 

Iron,  cast  ^ 

Lead  » 

Zino  ^ 

Gun-metal  ^ 

Band  m 

Coal  tm 

Brick  aoi 

Stone  a 
Timber,  ayerage  aoi 


1- 
8-8 
8-4 
7-2 
11-8 
7-2 
8-7 
1-6 
1-26 
2-0 
2-6 
0-86 


Sanpose  it  be  re<]|nired  to  ascertain  the  weight  of  a  cast  iron 
pipe  26|  inches  outside  and  23f  inside,  the  length  being  6^  feefc. 
Opposite  26|  in  the  table  is 

234-8576  x  7-2  x  6-6  -  10991-135. 
And  opposite  28|  in  the  table  is 

192-2856  X  7-2  x  6-6  -  8998-966  subtract 

1992-169  lbs.  avr. 
The  succeeding  table  contains  the  surface  and  solidity  of  spheres, 
together  with  the  edee  or  dimensions  of  equal  cubes,  the  length 
of  equal  cylinders,  and  the  weight  of  water  in  ayoirdupois  pounds : — 
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Surface  and  Solidity  of  Spheres. 


MimHt. 

BwfkMe. 

Solidity. 

1           Cabe. 

Qylinder. 

WftUriallM. 

lin. 

3-1416 

-5236 

-8060 

'6666 

'0190 

I*) 

3*5466     , 

-6280 

-8563 

-7082 

'0227 

i 

3-9760 

•7456 

'9067 

'7500 

'0270 

A 

44301 

•8767 

-9571 

7917 

'0317 

\ 

4-908T 

1*0226 

1*0075 

'8333 

^0370 

A 

54117 

1*1838 

1-0578 

'8750 

-0428 

{ 

6-9395 

1-3611 

1-1082 

-9166 

'0500 

A 

6-4918 

1*5553 

1-1586 

'9683 

'0563 

J 

7-0686 

1*7671 

1-2090 

I'OOOO 

•0640 

t 

7-6G99 

2-0000     ! 

1-2593 

1*0416 

•0723 

8-2957 

2*2467 

1-3097 

1*0833 

'0813 

H 

8-9461 

2-5161 

1-3601 

1-1349 

'0910 

\ 

9-6211 

2-8061 

1-4105 

1-1666 

■1016 

\\ 

10-3206 

3*1176 

1-4608 

1-2083 

ai28 

\ 

11-0446 

3*4514 

1-5112 

1-2500 

1250 

it 

117932 

3*8081 

1*5616 

1*2916 

^377 

2iii. 

12-5664 

4*1888 

1-6020 

1-3333 

-1516 

t 

13-3640 

4*5938 

1-6633 

1-3750 

•1662 

141862 

5^43 

17127 

1*4166 

•1818 

ft 

15-0330 

6-4807 

17631 

1-4582 

*1982 

t 

15-9043 

6-9640     ' 

1-8135 

1-5000 

'2160 

ft 

16-8000 

6-4749 

1-8638 

1*5516 

'2342 

i 

17-7206 

7-0143 

1-9142 

1-5832 

'2540 

t 

18-6655 

7-5828 

1-9646 

1'6250 

'2743 

19-6350 

81812 

2-0150 

1-G666 

'2960 

ft 

20-6290 

8-8103 

2-0653 

1-7082 

'3187 

i 

21-6475 

9-4708 

2-1157 

1750O 

'3426 

i( 

22-6907 

101634 

2-1661 

1*7915 

'3676 

1 

23-7583 

108892 

2-2165 

1-8332 

-3939 

}i 

24-8505 

11-6485 

2-2668 

1-8750 

'4213 

i 

25-9672 

12-4426 

2-3172 

19166 

'4501 

n 

27-1084 

13*2718 

2-3676 

1*9582 

'4800 

SUL 

28-2744 

14-1372 

2-4180 

2-0000 

'5114 

ft 

29-4647 

15-0392 

2-4683 

2-0415 

'5440 

y 

30-G796 

15-9790 

2-5187 

2*0832 

'5780 

ft 

31-9191 

16-9570 

2-5691 

2*1260 

'6133 

\ 

331851 

17-9742 

2-6195 

,      2-1665 

'6401 

ft 

35-3715 

190311 

2-6698 

2-2082 

'6884 

1 

35-7847     ' 

20*1289 

27202 

2-2500 

'7281 

ft 

37*1224     1 

21*2680 

27706 

2-2916 

'7693 

J 

38-4846 

22-4493 

2-8210 

2-3332 

'8120 

ft 

39*8713     : 

23*6735 

2-8713 

2-3750 

'8561 

» 

41-2825 

24-9415 

2*9217 

24166 

•9021 

n 

427183 

26-2539 

2*9712 

2'4582 

'9496 

i 

44-1787 

27*6117 

3-0225 

2-5000 

'9987 

1 

45*6630 

29-0102 

3-0728 

2-5415 

1-0493 

47-1730 

30-4659 

3-1232 

2*5832 

1-1020 

ii 

487070 

31-9640 

3-1730 

2-6250 

1*1561 

4m, 

50-2656 

33-5104 

1      3-2240 

2-6665 

1'1974 

tV 

51-8486 

35-1058 

3-2743 

27082 

1-2698 

? 

63-4562 

367511 

3-3247 

27500 

1-3293 

A 

55*0884 

38-4471 

3-3751 

27915 

1-3906 

i 

56  7451 

40*1944 

3-4265 

2-8332 

1-4538 

A 

68-4262 

42*0461 

3-4758 

2*8750 

1-5208 

f 

60-1321 

43*8463 

3-5262 

2-9166 

1-5860 

A 

61-8625 

46-7624 

3-5766 

2-9582 

1*6550 

8M 


THB  PBAOnOAIi  MODS.  CALCULATOR. 


1>H»Hm. 

BwfkMe. 

BelMlty. 

OAt.' 

QrllBdtt. 

Water  is  Ai.! 

•■  i 

63-6174 

47-7127 

3-6270 

3-0000 

1-7258 

A 

65-3968 

49-7290 

3-6773 

3-0415 

1-7987 

« 

67-2007 

51-8006 

3-7277 

3-0832 

1*8736 

H 

69-0352 

53-9290 

3-7781 

3-1250 

1-9506 

i 

70-8823 

561151 

3-8285 

3-1665 

2-0297 

1} 

72-7599 

58-3595 

3-8788 

3-2080 

21109 

i 

74-6620 

60-6629 

3-9292 

3-2500 

21942 

if 

76-6887 

62-9261 

3-9796 

3-2913 

2^60 

Sin. 

78-5400 

65-4500 

4-0300 

3-3332 

2-3673 

tV 

80-5157 

67-9351 

4-0803 

3-3750 

2-4572 

i 

82-5160 

70-4824 

4-1307 

3-4155 

2-5453 

A 

84-5409 

73-0926 

4-1811 

3-4582 

2-6438 

i 

86-5903 

75-7664 

4-2315 

3-6000 

2*7605 

A 

88-6641 

78-5077 

4-2818 

3-5414 

2-8396 

* 

90-7627 

81-3083 

4-3322 

3-5832 

2-9407 

A 

92-8868 

84-1777 

4-3820 

3-6250 

30447 

J 

95-0334 

871139 

4-4330 

3-6665 

3-1509 

A 

97-2053 

90-1175 

4-4633 

3-7080 

3-2695 

Y 

99-4021 

93-1875 

4-5337 

3*7500 

3-3706 

\i 

101-6233 

96-3304 

4-6841 

3-7913 

3-4843 

k 

103-8691 

99-5412 

4-6345 

3-8330 

3-6004 

ii 

106-1394 

102-8225 

4-6848 

3-8750 

3-7191 

i 

108-4342 

1061754 

4-7352 

3-9163 

3-8404 

if 

110-7536 

109-5973 

4-7856 

3-9580 

3-9641 

6  in. 

113-0976 

113-0976 

4-8360 

4-0000 

4-0907 

A 

115-4660 

116-6688 

4-8863 

4-0417 

4-2200 

7 

117-8590 

120-3139 

4-9367 

4-0833 

4-3517 

A 

120-2771 

124-0374 

4-9871 

41250 

4-4874 

7 

122-7187 

127-8320 

6-0375 

4-1666 

4-6236 

A 

125-1852 

131-7053 

6-0878 

4*2083 

4-7638 

? 

127-6765 

135*6563 

61382 

4-2500 

4-9067 

A 

1301923 

139-6854 

5-1886 

4-2917 

5-0524 

y 

132-7326 

143-7936 

6-2390 

4-3332 

5-2010 

A 

135-2974 

147-9815 

6-2893 

4-3750 

5-3525 

7 

137-8867 

152-2499 

6-3377 

4*4165 

5-5069 

H 

140-5006 

156-5997 

5*3901 

4*4583 

5-6786 

7 

1431391 

161-0315 

5-4405 

4-5000 

5-8245 

V 

145-8021 

167-5461 

6-4908 

4*5416 

6-0601 

148-4896 

1701682 

5*5412 

4-5832 

6-1550 

if 

151-2017 

174-8270 

5*5916 

4-6250 

6-3235 

7in. 

153-9384 

179-5948 

5*6420 

4-6665 

6-4960 

A 

156-6995 

184-4484 

5*6923 

4-7082 

6-6725 

7 

159-4852 

189-3882 

6*7427 

4-7500 

6-8502 

A 

162-2955 

194-1165 

6*7931 

4-7915 

7-0212 

7 

165-1303 

199-5325 

5*8435 

4-8332 

7-2171 

t 

167-9895 

204-7371 

5*8938 

4-8750 

7-4053 

170-8735 

210-0331 

6-9442 

4-9166 

7-5970 

tV 

173-7520 

215-4172 

6*9946 

4-9582 

7-7916 

? 

176-7150 

220-8937 

6*0450 

5-0000 

7-9897 

A 

179-6725 

226-7240 

6*0953 

50415 

8-2006 

? 

182-6545 

232-1235 

61457 

5-0832 

8-3960 

V 

185-6611 

237-8883 

6*1961 

5-1250 

8-6044 

188-6923 

243-7276 

6-2465 

5-1665 

8-8157 

V 

191-7480 

249-4720 

6-2968 

5-2082 

9-0234 

194-8282 

255-7121 

6-3472 

5-2500 

9-2491 

8m. 

197-9330 

261-9673 

6-3976 

5-2913 

9-4753 

201-0624 

268-0832 

6-4480 

5-3330 

9-6965 

tV 

204-2162 

274-4156 

6-4983 

5-3750 

9-9260 

CFBCmO  OSATIXT. 


699 


M—rtn. 

SO^ 

SolMtt^. 

OAil. 

Qylii^r. 

Walmiiilto. 

i 

207-3946 

280-8469 

6-5487 

5-4164 

10*1583 

^ 

210-5976 

287-3780 

6-6991 

6*4581 

10-3944 

i 

213-8251 

294-0095 

6*6496 

6-5000 

10-6343 

A 

217-0770 

300-7422 

6-6998 

5*6414 

10-8778 

i 

220-3537 

307-5771 

6-7502 

5*6831 

111260 

A 

228-6549 

314-5147 

6-8006 

5*6250 

11-3760 

i 

226-9806 

321-5553 

6-8610 

5*6664 

11-6306 

A 

230-3308 

328-7012 

6-9013 

5*7080 

11-8891 

7 

233-7055 ' 

335-9517 

6-9517 

6*7500 

12-1514 

fi 

237-1048 

343-3079 

7-00J21 

6*7913 

12-4170 

f 

240-6287 

350-7710 

7-0525 

5*8330 

12-6874 

}} 

243-9771 

358-3412 

7-1028 

5*8750 

12-9612 

i 

247-4500 

366-0199 

71532 

5*9163 

13-2390 

41 

260-9475 

373-8073 

7-2036 

6*9580 

13-5206 

9k. 

254-4696 

381-7017 

7-2640 

6*6000 

13-8062 

1^ 

258-0261 

389-7118 

7-3043 

6*0417 

14-0959 

V 

261-5872 

397-8306 

7-3547 

6-0833 

14-3895 

A 

265-1829 

406-0613 

7-4061 

6-1250 

14-6872 

V 

268-8031 

414-4048 

7-4555 

6-1667 

14-9890 

1^ 

272-4477 

421-2907 

7-5068 

6-2083 

15-2381 

i 

276-1171 

431-4361 

7-6662 

6-2500 

15-6060 

tV 

279-8110 

440-1294  . 

7-6066 

6-2916 

15*9195 

Y 

283-5294 

448-9215 

7-6570 

6-3333 

16-2375 

A 

287-2723 

457-8500 

7-7073 

6*3750 

16-5604 

¥ 

291-0397 

466-8763 

7-7557 

6-4166 

16-6869 

ii 

294-8310 

476-0304 

7-8081 

6-4682 

17-2180 

} 

298-4483 

485-3035 

7-8585 

6-5000 

17*5534 

ii 

302-4894 

494-6952 

7-9088 

6-6415 

17-8931 

i 

306-3550 

504-2094 

7-9692 

6-5832 

18-2373 

n 

310-9452 

513-8436 

8-0096 

6-6250 

18*5857 

i(tL 

3141600 

523-6000 

8-0600 

6-6666 

18-6786 

A 

318-0992 

533-4789 

81103 

6*7083 

19-2960 

? 

322-0630 

543-4814 

8-1607 

6-7600 

19-6577 

A 

326-0514 

553-6081 

8-2111 

6*7916 

20-0240 

7 

330-0643 

563-8603 

8-2615 

6-8333 

20-3948 

A 

334-1016 

574-2371 

8-3118 

6*8750 

20-6682 

? 

338-1637 

584-7415 

8-3622 

6-9166 

211501 

iV 

342-2503 

595-3677 

8-4126 

6*9582 

21-5344 

? 

346-3614 

606-1318 

8-4630 

7*0000 

21-9238 

A 

350-4970 

617-0207 

8-5133 

7*0416 

22-3176 

Y 

354-6571 

628-0387 

8-5637 

7*0833 

22-7162 

ii 

358-8418 

639-1871 

8-6141  ' 

7*1250 

23-1194 

Y 

363-0511 

650-4666 

8-6645 

^  7*1666 

23-5274 

? 

367-2849 

661-8580 

8-7148 

7-2082 

23-9394 

371-5432 

673-4222 

8-7652 

7*2600 

24-3577 

if 

376-8261 

685-0997 

8-8156 

7-2915 

24-7801 

U^i. 

3801336 

696-9116 

8-8660 

7*3330 

25-2073 

vw 

384-4665 

708-9106 

8-9163 

7*3760 

25*6414 

4 

388-8220 

720-9409 

8-9667 

7*4166 

26-0764 

A 

393*2031 

733-1599 

9-0171 

7*4682 

26*5184 

? 

397-6087 

745-5004 

9-0676 

7-6000 

26*5667 

A 

402-0387 

758-0104 

9-1178 

7*6414 

27-4162 

? 

406-4935 

770-6440 

9*1682 

7-5832 

27-87^ 

tV 

410-7728 

783-5787 

9-2186 

7*6250 

28-3420 

Y 

415-4766 

796-3301 

9-2690 

7*6664 

28-8033 

t 

420-0049 

809-3844 

9-3193 

7-7080 

29-2764 

424-5576 

822-5807 

9-3697 

7*7500 

29-7527 

« 

429-1351 

835-9695 

9-4201 

7*7913 

30-2370 

400 


XHX  PRACnOAL  MOOKL  OALOUI^TOB. 


DlMMttl. 

0«rfk0t. 

BoUilty. 

C«bt. 

CjHaAK. 

WitariBllM. 

} 

433-7371 

849-4035 

9-4705 

7-8330 

30-7229 

f> 

438-3636 

863-0283 

9-5208 

7-8750 

31-2157 

i 

443*0146 

876-7999 

9-5772 

7-9163 

31-3883 

dl 

447-6902 

890-7070 

9-6216 

7-9580 

32-2169 

452-3904 

904-7808 

9-6720 

8-0000 

32-7259 

471-4363 

962-5158 

9-8735 

8-1666 

34-8142 

13  in. 

490-8750 

1022-656 

10-0750 

8-3332 

36-9886 

506-7064 

.   1085-251 

10-2765 

8-5000 

39-2535 

530-9304 

1150-337 

10-4780 

8-6666 

41-6077 

551-5471 

1218-000 

10-6790 

8-8332 

44-0551 

1 

572-5566 

1288-252 

10-8810 

9-0000 

46-5961 

A 

593-9587 

1361-346 

110825 

9-1665 

49-2399 

14  in. 

615-7536 

1436-758 

11-2840 

9-3332 

61-9675 

637-9411 

1515106 

11-4855 

9-5000 

54-8014 

, 

660*5214 

1596-260 

11-6870 

9-6665 

57-7367 

683-4943 

1680-265 

11-8885 

9-8332 

60-7751 

15  in. 

706-8600 

1767-150 

12-0900 

10-0000 

64-0178 

730-6183 

1856-988 

12-2915 

101666 

671672 

1 

754-7694 

1949-821 

12-4930 

10-3332 

70-6250. 

A 

779-3131 

2045-697 

12-6940 

10-5000 

73-9929 

16  in. 

804-2496 

2144-665 

12-8960 

10-6666 

77-5725 

Tablb  eontaining  the  Weight  of  Flat  Bar  Iratij  1  foot  in  lengAy 
of  various  hreoMis  and  thiekneeses. 


s 

J 

TBionrsH  or  r  Amn  or  am  mem. 

!i 

t 

A 

1 

iV 

i 

A 

* 

» 

i" 

linch. 

Lbt. 

Um. 

Urn. 

Ua. 

Lbc 

Lbt. 

Urn. 

Uw. 

IM. 

UK. 

lin. 

0-88 

1*04 

1'26 

1-45 

1-66 

1-87 

2-08 

2-50 

2-91 

8-88 

0-98 

117 

1-40 

1-64 

1-87 

2-00 

2-84 

2-81 

8-28 

8-75 

1-04 

1-80 

1-56 

1-82 

2-08 

2-84 

2-60 

8-12 

8-74 

4-16 

114 

1*48 

1-71 

2-00 

2-29 

2-57 

2-86 

8-48 

401 

4-68 

1-25 

1-56 

1-87 

218 

2-50 

2-81 

812 

8-76 

4-37 

5-00 

1-85 

1-69 

2-08 

2-86 

2-70 

8-04 

8-88 

4-06 

4-78 

541 

1-46 

1-82 

218 

2-55 

2-91 

8-28 

8-64 

4-87 

510 

5-88 

1*56 

1-95 

2-84 

2-78 

8-12 

8-51 

8-90 

4-68 

6-46 

6-26 

2in. 

1-66 

2-08 

2-50 

2-91 

8-88 

8-75 

416 

5-00 

6-88 

6-66 

2j 

1-77 

2-21 

2-65 

8-09 

8-54 

8-98 

4-42 

5-81 

619 

7-08 

2 

1-87 

2-84 

2-81 

8-28 

8-76 

4-21 

4-68 

5-62 

6-56 

7-60 

2 

. 

1-97 

2-47 

2-96 

8-46 

8-96 

4-45 

4-94 

5-98 

6-92 

7-91 

2 

2-08 

2-60 

812 

8-64 

4-16 

4-68 

6-20 

6-25 

7-29 

8-88 

2 

218 

2-78 

8-28 

8-82 

4-87 

4-92 

5-46 

6-56 

7-66 

8-76 

2 

. 

2-29 

2-86 

8*48 

4-01 

4-58 

5-15 

5-72 

6-87 

8-02 

916 

2 

. 

2-89 

2-99 

8-59 

4-19 

4-79 

5-89 

5-98 

718 

8-88 

9-58 

Sin. 

2-60 

812 

8-75 

4-87 

5-00 

5-62 

6-25 

7-50 

8-75 

10-00 

H 

2-70 

8-88 

4-06 

4-78 

5-41 

609 

6-77 

812 

947 

10-88 

H 

2*91 

8*64 

4-87 

510 

5-88 

6-56 

7-29 

8-75 

10-20 

11-66 

H 

812 

8-90 

4-68 

5-46 

6-26 

7-08 

7-81 

9-87 

10-98 

12-60 

4lii. 

8*88 

4-16 

5-00 

5-88 

6-66 

7-60 

8-88 

10-00 

11-66 

18-88 

4 

8*54 

442 

5-81 

619 

7-08 

7-96 

8-85 

10-62 

12-89 

1416 

41 

8-76 

4*68 

6-62 

6-56 

7-50 

8-48 

9-87 

11-25 

18-12 

15-00 

4 

8-95 

4-94 

5-98 

6-92 

7-91 

8-90 

9-89 

11-87 

18-85 

15-88 

5in. 

417 

5-20 

6-25 

7-29 

8-88 

9-87 

10-41 

12-50 

14-58 

16-66 

H 

4-87 

5-46 

6-56 

7-66 

8-75 

9-84 

10-98 

18-12 

15-81 

17-50 

5 

4-58 

5-72 

6-87 

8-02 

9-16 

10-81 

11-45 

18-76 

16-04 

18-88 

5 

4-79 

5-98 

7-18 

8-88 

9-58 

10-78 

11-97 

14-87 

16-77 

1916 

6in. 

5-00 

6-26 

7-60 

8-75 

10-00 

11-25 

12-60 

16-00 

17-60 

20-00 

SPEOIFIO  GSAVITY. 
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Tablb  combiningthe  Specific  Gh-avities  and  other  Properties  of 
Bodies.      Water  the  standard  of  comparison^  or  1000. 


ii 


a* 


ill 


i 


noil  u,  XASTHS,  no. 


N«me«. 


PUttawa. 
Par*  Gold. 
Mareuxj  . 


U600 

m»8 


11308 
10174 


nao 
aoi6 


1-8 


Copper,  et 


Iroa,  oMi  . 
bar  . 


"     hard 

TlB,«Wt.  . 


8910 
7884 
83B6 
7884 
7700 
7833 
7816 

7801 
7190 


2786 


•SW 


•U6 
•193 


•185 

•137 
•153 


1-40 

8-51 
15<» 

8-01 
18-23 

7-87 
86-00 
88-91 


1-0 
8-4 
8-0 


8-8 
r  to  any 
L(UgrM 

[to  any 


8-11 
6-06 


r  to  any 
1-6 


Marblo,  arerage 

Granite,  ditto   . 

Parbeck  stone . 

Portland  ditto  . 

Bristol  ditto  .  . 

Millstone  .... 

Paring  stone.  . 

Craigleitb  ditto 

Orindston*  .  .  . 

Chalk,  Brit .  . 

Briek 

Ooal,Sootoh  .  . 
'  Newoastle 
'  Staffordsh. 
'    Cannel  .  . 


8730 
8651 
20U1 
2570 
2554 
2484 
2415 
2362 
2143 
2781 
21X)0 
130U 
127U 
1240 
1238 


170-00 
165-68 
162-56 
160-62 
150-62 
155-25 
150^3 
147-62 
13393 
17381 
125-00 
81-15 
79-37 
77-50 
77-37 


13 
14 

}^ 

15 

16^ 

27i 


Table  containing  the  Weight  of  Columns  of  Water^  each  one  foot 
in  lengthy  and  of  Various  Diameters^  in  lbs.  avoirdupois. 


3-0872 
3- 


41748 
4-4784 
4^928 
61180 
5'45«0 
5'7996 
•  1673 
••6844 
••9024 
7-8918 
7-«908 
81018 
86218 
84632 
9-3948 
98484 
10-3126 
T^-866 
I  r704 
I  69) 
I  J712 
\i  «84 
I  1152 
VA  15« 
U  1024 
14  1616 
' '.  1316 
121 
ViS 
052 
1172 
»412 
748 
:  llitt 
L:  [744 
'J  404 
t  1172 
1'  096 
i:  JW) 
J  100 
'^-  888 
29-3524 
26<»&} 
868500 


27-6iao 

88-3848 
891678 


307657 
31-6524 
32  4060 
33-2424 
34D884 
34-M64 
35-8168 
36H)986 
37-6688 
384888 
39-3936 
403153 
41-8476 
421908 
43-1436 
441084 
45^)828 
46-0680 
47  0640 
48-0703 
49  08^ 
501168 
511548 
52-2048 

53  2644 

54  3348 
554760 
56-4804 
67-6108 
68-7244 
59-8476 
604828 
621276 
63  2832 
64-4496 
65-6263 
668148 
63-0136 


704424 
71-6724 
729120 
741648 
76-4272 


76^T(K)4 
77-9844 
79-2792 
80-5836 
819000 
83-2260 
84-5628 
86-9104 


88  6368 
90-0168 
91-4176 
92-8080 
944192 
95  6412 
97-0740 
935176 
99-9720 
101-4372 
102-9120 
104  39H8 
105-8052 
107-4U24 
1089204 
110-4492 
111-98AS 
113-53.Q2 
115-0992 
1166712 
118-2528 
119  8452 
121-4484 
1234624 
124-6872 
126-3228 
1274680 
129-6252 
1315320 
132-9696 
134-6580 

136  a*^ 
1380672 
1397880 
141-5184 
143-2603  , 
1454128 
1467756  I 
1486493  I 


160^8S76 
158-1388 
1534348 
1567396 
157-5780 
150-4152 
161-8644 
1631280 
164  9988 
166-8732 
1687632 
170-6652 
172-6780 
174-5004 
176-4336 
178  3776 
180-3324 
182  2980 
184-2741 
186  2616 
188  2584 
190  2672 
192  2856 
1943184 
196  3548 
198  4056 
200  4672 

203  5384 

204  6216 
2067144 
2088192 
2104336 
3130588 
215-1948 
2173416 
219-4980 
221*6664 
223  8444 
2364344 
228-2340 
2314444 
232  6644 
234  8676 
237-1404 
2393928 
241-6572 
243  9312 
346-3160 


248-5116 
860-8180 
8531352 
356-4632 
357-8008 
260-1504 
362  5096 
864-8796 
267-2616 
209  6532 
272  0544 
2756672 
276-8916 
2793252 
2817708 
284-2260 
286  6920 


291-6564 
294-1648 
296-5548 
2991828 
3017124 
304  2540 
306-8052 
309-3672 
3114400 
3146224 
3171168 
319-7220 
S22-336S 
324  9624 
327-6000 
330-2472 
332  9052 
335  5728 
338  2524 
340  9428 
343  6428 
346-3536 
349  0764 
3518088 
354  5530 
357-3048 


362  8452 
365  6304 
368-4276 


33  in. 

I 

3 1  fn. 

'3 


3 .  fn. 


3,  tn. 


.1 


41  In. 

43^n. 
60  in. 


St*,  --urt 

3t    m 

3G  -a} 
3S  74lt 
3S  .  .  7«>l 
3fr:.^.-:.3ft 

40.-. -75110 
40^^948 
411  ill6 
41  H,]^ 
417  WASH 

4i:'.  .>.^ 

42.;  -.tiss 

42'<ii]^ 
43J  li^LtS 

4?'  -.'m 

44.-  .Jiy2 
447  9573 
4541678 
460-4105 
4««-«i960 
4       R240 


1078 
!687 
'621 
1038 
1979 
1138 
1821 
1936 
M78 
M45 
1839 
659 
1904 
1677 


5-7  1199 

7!J'.^JI3| 


26 
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Tabls  containing  the  Weight  of  Square  Bar  Iron^  from  1  to  10  feet 
in  lengthy  and  from  \  of  an  inch  to  6  %nehe9  square. 


\ 

9 

• 

II 

Ifoot. 

2fe«t. 

SfMt. 

AfmtL 

ftflMt. 

6fwt 

7«Mt 

Sfeet. 

9fiB«t. 

10fe«c 

Lta. 

Lbs. 

Lta. 

Lta. 

Lta. 

Um. 

Lta. 

Lta. 

Lta. 

Lta. 

0-2 

0-4 

0-6 

0-8 

1-1 

1-8 

1-6 

1-7 

1-9 

21 

0-5 

10 

1-4 

1-9 

2-4 

2-9 

8-8 

8-8 

4-8 

4-8  i 

,  . 

0-8 

1-7 

2-6 

8-4 

4-2 

5-1 

6-9 

6-8 

7*6 

8-5 

1-8 

2-6 

4-0 

6-8 

6-6 

V9 

9-2 

10-6 

11-0 

18-2  1 

1-9 

8-8 

6-7 

7-6 

9-6 

11-4 

18-8 

16-2 

17-1 

190 

t 

2-6 

6-2 

7-8 

10-4 

12-9 

15-6 

18-1 

20-7 

23-8 

25-9 

lin. 

8-4 

6-8 

101 

18-6 

16-9 

20-8 

23-7 

27-0 

80-4 

83-8 

11 

4-8 

8-6 

12-8 

171 

21-4 

25-7 

29-9 

84-2 

38-5 

42-8 

1; 

5-8 

10-6 

16-8 

211 

26-4 

81-7 

87-0 

42-2 

47-5 

62-8  ' 

1 

6-4 

12-8 

19-2 

25-6 

82-0 

88-8 

44-7 

51-1 

67-6 

63-9 

1 

7-6 

16-2 

22-8 

80-4 

88-0 

45-6 

58-2 

60-8 

68-4 

76-0 

8-9 

17-9 

26-8 

86-7 

44-6 

68-6 

62-5 

71-4 

80-S 

89-S 

1 

10-4 

20-7 

81-1 

41-4 

51-8 

62-1 

72-5 

82-8 

93-2 

103-6 

1 

11-9 

28-8 

86-6 

47-6 

59-4 

71-8 

88-2 

96-1 

106-9 

118-8 

2i]L 

18-6 

27-0 

40-6 

64-1 

67-6 

811 

94-6 

108-2 

121-7 

186-2 

2* 

15-8 

80-6 

46-8 

61-1 

76-3 

91-6 

106-8 

1221 

187-4 

152-6 

^ 

171 

84-2 

61-8 

68-4 

85-6 

102-7 

119-8 

186-9 

154-0 

1711 

2 

19-1 

881 

67-2 

76-3 

95-3 

114-4 

183-5 

152-5 

171-6 

190-7 

H 

211 

42-8 

63-4 

84-6 

106-6 

126-7 

147-8 

169-0 

190-1 

211-2 

H 

28-8 

46-6 

69-9 

93-2 

116-5 

189-8 

168-0 

186-3 

209-6 

282-9 

2 

25-6 

611 

76-7 

102-2 

127-8 

153-4 

178-9 

204-5 

230-0 

255-6 

A 

27-9 

66-9 

88-8 

111-8 

189-7 

167-6 

195-7 

228-5 

261-5 

279-4 

8  in. 

80-4 

60-8 

91-2 

121-7 

1621 

182-6 

212-9 

243-8 

278-7 

804-2 

Si 

38  0 

660 

99-0 

1820 

1651 

198-1 

281-1 

2641 

297-1 

880-1   ' 

85-7 

71-4 

107-1 

142-8 

178-6 

214-2 

249-9 

285-6 

821-8 

857-0 

88-6 

770 

116-6 

164-0 

192-5 

231-0 

269-5 

808-0 

846-5 

S85-0 

H 

41-4 

82-8 

124-2 

165-6 

207-0 

248-4 

289-8 

881-3 

872-7 

414-1 

8- 

44-4 

88-8 

188-8 

177-7 

2221 

266-6 

810-9 

865-8 

899-8 

444-2 

8 

47-6 

961 

142-6 

190-1 

237-7 

285-2 

882-7 

880-8 

427-8 

476-« 

H 

60-8 

101-5 

152-3 

208  0 

253-8 

804-5 

356-8 

4060 

456-8 

607^ 

4  in. 

641 

108-2 

162-3 

216-8 

270-4 

824-5 

878-6 

432-7 

486-8 

540-8 

4j 

67-5 

116-0 

172-6 

2801 

287-6 

845-1 

402-6 

460-1 

517-7 

676-2 

4 

611 

1221 

188-2 

244-2 

805-8 

866-8 

427-4 

488-4 

549-5 

610-6 

4 

64-7 

129-4 

194-1 

258-8 

828 -5 

388-2 

452-9 

617-6 

682-3 

647-0 

4 

68-4 

186-9 

205-3 

273-8 

842*2 

410-7 

479-1 

547-6 

616-0 

684-5 

4 

72-3 

144-6 

216-9 

289-2 

861-6 

483-8 

5061 

578-4 

660-7 

723-1 

4 

76-8 

152-5 

228-8 

8051 

881-8 

457-6 

533-8 

610-1 

686-4 

762-6 

4 

80-8 

160-7 

241-0 

821-8 

401-7 

482-0 

662-3 

642-7 

728-0 

803-3 

6in. 

84-5 

1690 

268-4 

887-9 

422-4 

606-9 

591-4 

675-8 

760-3 

844-8 

5)- 

98-2 

186-8 

279-5 

872-7 

465-8 

569-0 

652-2 

746-8 

838-5 

931-7 

52 

102-2 

204-6 

806-7 

409-0 

511-2 

613-4 

716-7 

817-9 

920-2 

10^4 

5} 

111-8 

223-5 

885-8 

4470 

658-8 

670-5 

782-8 

894-0 

1006-8 

1117-6 

6  m. 

121-7 

243-3 

8650 

486-7 

608-8 

780-0 

841-6 

978-8 

1009-6 

1216-6 

Tablb  of  the  Weight  of  a  Square  Foot  of  Sheet  Iron  in  lbs.  awnrdu- 
poisy  the  thickness  being  the  number  on  the  wire^auge.  No.  1 
is  ^  of  an  inch;  No.  4,  J;  No.  11,  J,  ^c. 


No.  on  wire-gange      1 

2 

3 

4 

6 

6 

7 

8 

9    1  10   1  11  { 

Poonds  aToir 12-5 

12 

11 

10 

' 

L«. 

7-5 

7 

« 

6-68 1    6 

No.  on  wire-gauge      12 

13 

14 

15 

16 

17 

18 

19 

1  20      21   1  22 

Pounds  ayoir. 

4-62 

4-81 

4 

3-95 

3 

2-5 

2-18 

1-93 

1-62    1-6  jl-t7 

SPBCiriC  GEAVITY. 
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?ABLB  of  the  Weight  of  a  Square  Foot  of  BoUer  Plate  Iron^from 
\  to  1  inch  tJiick,  in  lbs.  avoirdupois. 


ilA    k    A-  f 

tV 

i|A 

llii    i 

tl 

i 

H 

lin. 

6  7-5   10  12-6  16 1 

17-6 

20  22-6 

26  27-6  80 

82-6 

86 

87-6 

|« 

1?ABLE  containing  the  Weight  of  Round  Bar  Iron^  from  1  to  10  feet 
in  lengthj  and  from  ^  of  an  inch  to  6  inches  diameter. 


LBKOTH  or  THS  BAAS  UT  niT. 


1  tWt.       S  fMfi. 


6  iiL 


4ftet.       6f»«t 


%-6 


1-0 

2-2 
4-0 
6-8 
9-0 
12-2 
15-9 
20-2 
250 
801 
86*8 
42-1 
48-8 
560 
63-7 
71-9 
80-6 
89-9 
1001 
109-8 
120-5 
131-7 
143-3 
165-6 
168-2 
181-4 
1951 
209-8 
224-0 
239-2 
254-8 
271-0 
287-7 
304-9 
822-6 
340-7 
859-4 
878-6 
400*6 
439-0 
481-8 
626-7 
578-8 


1-2 

2-6 

4-6 

7-8 

10-5 

14-2 

18-6 

28-5 

29-2 

851 

41-8 

491 

56-9 

65-3 

74-8 

88-9 

941 

104-8 

116-8 

128-1 

140-6 

158-6 

167-2 

181-5 

196-8 

211-7 

227-6 

244-2 

261-8 

2790 

297-2 

816-2 

886-7 

355-7 

876-8 

897-5 

419-8 

441-7 

467-8 

512-2 

5621 

614-4 

668-9 


1-8 

8-0 

5-8 

8-8 

11-9 

16-8 

21-2 

26*9 

88-4 

40-2 

47-8 

56-1 

65-0 

74-7 

84-9 

96-9 

107-6 

119-8 

188-6 

146-8 

160-6 

176-6 

1911 

207-4 

224-8 

241-9 

260-1 

279-1 

298-7 

818-9 

839-7 

861-4 

888-6 

406-5 

430-1 

464-8 

479-2 

604-8 

584-0 

686-4 

642-4 

702-2 

764-4 


9«Mt. 


Lbt. 


1-5 

8-4 

'  60 

9-4 

18-4 

18-8 

28-9 

80-2 

87-5 

46-2 

68-7 

63-1 

78-2 

84-0 

95-5 

107-9 

121-0 

184-8 

150-2 

164-6 

180-7 

197-5 

216-0 

288-8 

268-4 

272-2 

292-6 

814-0 

886-0 

868-8 

382-2 

406-6 

481-6 

467-8 

483-8 

511-1 

5891 

567-8 

600-8 

658-5 

722-7 

790-0 

860-0 


1-7 

8-7 

6-6 

10-4 

14-9 

20-3 

26-5 

88-6 

41-7 

60-2 

69-7 

70-1 

81-8 

93-8 

106-2 

119-9 

184-4 

149-8 

166-9 

182-9 

200-8 

219-4 

288-9 

259-8 

280-4 

802-4 

826-1 

848-9 

878-8 

898-6 

424-6 

461-7 

479-6 

508-2 

537-6 

667-9 

699-0 

680-9 

667-6 

781-7 

803-0 

877-8 

955-5 


Fablb  of  the  Weight  of  Cast  Iron  Plates j  per  Superficial  Footyfrom 
one-eighth  of  an  inch  to  one  inch  thick. 


Jtftoeh- 

XlMh. 

XiMh. 

Hinoh. 

^inch. 

3liiaeh. 

Xlneli. 

lineh. 

»■.   OS. 

4  1S| 

Ita.  M. 

9  lOf 

lbs.   OB. 

14  8 

Ibo.   M. 

19  6| 

r\m.  01. 

24  2i 

Ita.  01. 

29  0 

Ita.  M. 

88  18| 

Ita.  OL 
88  10} 
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Table  eontaining  the  Weight  of  Cast  Iron  PipeMy  1  foot  in  lengiL 


jll 

nacuisu  m  dtchbs. 

i 

k 

t 

i 

i 

1  inch. 

U 

U 

Lbt. 

JJbM, 

Urn. 

Urn. 

LiM. 

Lbfc 

Us. 

UhiL 

^ 

6-9 

9-9 



. 

2 

8-8 

12-8 

161 

20-8 

••••<• 

•  •MM 

^ 

10-6 

14-7 

19-2 

28-9 

•••••■ 

8 

12-4 

17-2 

22-2 

27-6 

'88-8 

89-8 

45-6 

•  ••••• 

H 

14-2 

19-6 

26-8 

81-8 

87-6 

44-2 

51-1 

4 

16-8 

221 

28-4 

860 

41-9 

491 

56-6 

644 

^ 

18-0 

24-5 

81-4 

88-7 

46-2 

64-0 

62-1 

70-6 

6 

19-8 

27-0 

84-6 

42-8 

60-6 

68-9 

67-6 

76-7 

^ 

21-6 

29-6 

87-6 

46-0 

64-8 

68-8 

78-2 

82-8 

6 

23-6 

81-9 

40-7 

49-7 

69-1 

68-7 

78-7 

OO'O 

^ 

26-8 

84-4 

43-7 

68-4 

68-4 

78-4 

84-2 

95-1 

7 

27-2 

86-8 

46-8 

66-8 

67-7 

78-6 

89-7 

101-2 

7* 

290 

891 

49-9 

60-7 

72  0 

88-6 

96-3 

107-4 

8 

80-8 

41-7 

62-9 

64-4 

76-2 

88-4 

100-8 

118^ 

^ 

82-9 

44-4 

66-2 

68-8 

80-8 

98-6 

106-5 

119-9 

9 

84-5 

46-6 

691 

71-8 

84-8 

98-2 

111-8 

125-8 

H 

86-8 

491 

621 

76-6 

89-1 

108-1 

117-4 

131-9 

W 

88-2 

61-6 

66-2 

79-2 

98-4 

108-0 

122-8 

1381 

lot 

640 

68-2 

82-8 

97-7 

112-9 

128-4 

144-2 

11 

66-4 

71-8 

86-6 

102-0 

117-8 

138-9 

150-8 

llj 

68-9 

74-3 

901 

106-8 

122-7 

139-4 

1564 

12 

61-8 

77-4 

98-6 

110-6 

127-6 

145-0 

162-6 

18 

82-7 

101-2 

118-2 

137-4 

164-1 

173-5 

14 

89-6 

108-2 

126-6 

146-2 

165-8 

185-2 

16 

96-2 

116-7 

186-8 

166-2 

176-2 

198-1 

16 

128-8 

148-1 

166-1 

187-5 

211-3 

17 



180-2 

162-6 

178-5 

198-2 

2284 

18 

187-0 

161-2 

186-8 

209-1 

285-6 

19 



* 

169-2 

196-7 

222-3 

247-1 

20 

1781 

206-2 

238-2 

259-0 

21 



••«••• 

214-1 

248-5 

273-2 

22 

•••••• 

228-0 

264-8 

2854 

28 

•••••• 

<••••• 

288-4 

265-5 

296-3 

24 



246-2 

277-5 

810-6 

Table  eontaining  the  Weight  of  Solid  (hflinders  of  Oast  Iron^  one 
foot  in  lengthy  and  from  I  of  an  inch  to  14  inchee  diameter. 


Diameter  ia 
iBohes. 

Wghtia 

Diameter  ia 
laches. 

We^tla 

DUmateria 
laeltee. 

Weljjhlla 

DiMieter  la 
laahac 

w^i. 

f 

1-89 

2J 

20-48 

H 

58-72 

8in. 

148-87 

1 

1-88 

Sin. 

22-85 

6in. 

61-96 

158-63 

lin. 

247 

6 

24-20 

^ 

64-66 

H 

168-15 

8-18 

8 

26-18 

5 

68-31 

L 

179-08 

8-87 

H 

28-23 

6 

71-00 

189-00 

4-68 

8 

80-36 

5 

74-98 

200-77 

5-67 

8 

82-67 

5 

. 

78-66 

n 

211-12 

6-54 

8 

84-85 

6 

81-95 

4 

228-70 

7-59 

8 

37-21 

& 

85-81 

4 

285-81 

8-71 

4in. 

89-66 

6  in. 

89-28 

loV 

247-87 

2  in. 

9-91 

* 

41-80 

6 

96-82 

lOJ 

273-27 

2 

1119 

4 
4 

44-77 

6 

104-72 

11  in. 

299-92 

2 

12-54 

47-00 

H 

112-98 

n* 

827^1 

2 

18-98 

4 

5019 

7in. 

12145 

12  in. 

856-OS 

2 

1549 

4 

52-71 

;t 

130-28 

.18 

418-99 

8 

17-06 

4 

55-92 

189-^ 

14 

485-88 

2 

18-74 

6PECIPI0  QRAVITY. 


Tablb  eofUaining  the  Weight  of  a  Square  Foct  of  Copper 
J/ead,  in  lbs.  avoirdupoisj  from  ^to  j^  an  inch  in  thieknesiy 
vaneing  by  A- 


405 

and 
ad- 


TUtlkmtm. 

Onrpw. 

LmI. 

h 

1-45 

1-85 

A 

2-90 

8-70 

A 

4-85 

6-54 

\ 

6-80 

7-89 

\  +A 

7-26 

9-24 

\  +A 

8-71 

.11-08 

1  +A 

10-16 

12-98 

\ 

11-61 

14-77 

\  +A 

18-07 

16-62 

\  +A 

14-52 

18-47 

\  +A 

16-97 

20-81 

1 

17-41 

22-16 

1  +A 

18-87 

24-00 

1  +A 

20-32 

25-85 

f  +A 

21-77 

27-70 

\ 

23-22 

29-55 

Tabl^  for  finding  tJie  Weight  of  Malleable  Iron^  Coppery  and  Lead 
J^ipeSy  12  inches  longy  of  various  thicknessesy  and  any  diameter 
required. 


TUekBMl. 

1I*UmU«  Irei. 

Coppw. 

Lm<. 

A  of  an  inch. 

-104 

•121 

•1539 

A 

•208 

•2419 

•8078 

A 

-8108 

•3628 

•4616 

i 

•414 

•4838 

•6155 

i  +A 

•518 

•6047 

•7694 

i  +A 

•621 

•7258    • 

•9232 

*  +A 

-725 

•8466 

1-0771 

i 

-828 

•9678 

1-281 

RuLB. — Multiply  the  circumference  of  the  pipe  in  inches  by  the 
numbers  opposite  the  thickness  required,  and  by  the  length  in  feet ; 
the  product  will  be  the  weight  in  avoirdupois  lbs.  nearly. 

Required  the  weight  of  a  copper  pipe  12  feet  long,  15  inches  in 
circiimferencey  }  +  ^  of  an  inch  in  thickness. 

•7258  X  15  =  10-817  X  12  «  180-644  lbs.  nearly. 

Table  of  the  Weight  of  a  Square  Foot  of  Millboard  in  lbs.  avoirdupois. 


Thickness  in  inches i 

A 

1 

A 

i 

Weiirht  in  lbs -688 

1-082 

1-376 

1-72 12-0641 

1 

1 
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Table  containing  the  Weight  of  Wrought  Iron  Bars  12  inches  long 
in  lbs.  avoirdupois. 


laoh. 

Boand. 

Sqnar*. 

Inch. 

Bottiid. 

BqttM. 

. 

•168 

-208 

2i 

16-32 

20-80 

. 

•867 

•467 

2 

18-00 

22-89 

, 

•668 

-830 

2 

19-76 

25-12 

. 

102 

1-80 

2i 

21-69 

27-46 

, 

1-47 

1-87 

8 

23-62 

29-92 

. 

2-00 

2-65 

H 

27-60 

86-12 

2-61 

8-82 

8 

82-00 

40-80 

11 

8-81 

4-21 

86-72 

46-72 

1 

4-08 

6-20 

4 

41-76 

68-12 

1  ■ 

4-94 

6-28 

H 

47-25 

60-00 

11 

5-88 

7-48 

4 

62-98 

67-24 

1  . 

6-90 

8-78 

4 

68-92 

74-95 

1 

8-00 

10-20 

6 

65-28 

88-20 

1 

918 

11-68 

H 

72-00 

91  ^56 

2 

10-44 

13-28 

^ 

79-04 

100-48 

2 

11-80 

1500 

^i 

86-86 

109-82 

H 

18-23 

16-81 

6 

94-08 

119-68 

2i 

14-78 

18-74 

7 

128-00 

163-20 

Table  of  the  Proportional  Dimensions  ofQ-sided  NvUfor  Bolts  from 
\  to  2\  inches  diameter. 


Diameter  of  bolts 

i 

i 

i 

f 

« 

i 

1 

If 

If 

Breadth  of  nuts 

« 

«il 

lA 

If 

lA 

If   lil 

2i 

Breadth  over  the  angles 

1 

11 

IJ 

If 

lA 

1« 

2    2i 

2A 

Thickness 

A 

A 

A 

1 

i 

1 

1| 

If 

lA 

Diameter  of  bolts 

li 

li 

1« 

H 

If 

2 

2J 

2i 

Breadth  of  nuts 

2A 

2i 

2« 

2J 

3A 

3J 

8f 

4 

Breadth  over  the  angles 

2H 

2J 

3J 

3A 

3J 

3f 

4A 

M 

Thickness 

lA 

IH 

1« 

2 

2i 

2J 

2i 

2f 

Table  of  the  Specific  Oravity  of  Water  at  different  temperatures^ 
that  at  62^  being  taken  as  unity.      ^ 


7(yF, 

•99918 

620  F. 

1-00076 

68 

-99986 

60 

1-00087 

66 

•99958 

48 

1-00095 

64 

•99980 

46 

1-00102 

62 

1- 

44 

1-00107 

68 

1-00085 

42 

1-00111 

66 

1-00050 

40 

1-00118 

64 

1-00064 

88 

1-00115 

The  difference  of  temperatures  between  62^  and  89^*2,  where 
water  attains  its  greatest  density,  will  vary  the  bulk  of  a  galloa 
rather  less  than  the  third  of  a  cubic  inch. 
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407 


Table  of  the  Wewht  of  Cast  Iron  Balls  in  pounds  avoirdupois^ 
from  1  to  12  inches  diameter,  advancing  by  an  eighth. 


Lte. 


•14 

•20 

•27 

•87 

•47 

•69 

•74 

•91 

110 

1-82 

1-67 

1-84 

216 

2-49 

2-86 

8-27 

8-72 

4-20 

4-72 

5^29 

6-80 

6-56 

7-26 

8-01 

8-81 

9-67 

10-67 

11-68 

12-66 

18-62 


InchM. 


1476 
16-96 
1712 
18-54 
19-98 
21^89 
22-91 
24-61 
26-18 
27^91 
29-72 
81-64 
88-62 
8667 
87-80 
40-10 
42-86 
44-74 
47-21 
49-79 
62-47 
66-28 
68-06 
60-04 
6409 
67-26 
70-49 
78-86 
77-82 
80-88 


Lbc 


84-66 
88-84 
92-24 
96-26 
100-89 
104-62 
108-98 
11846 
118-06 
122-77 
127-68 
182-60 
187-71 
142-91 
148-28 
163-78 
169-40 
166-16 
171-06 
177-10 
188-29 
189-60 
196-10 
202-67 
209-48 
216-82 
228-40 
280-67 
287-94 


Tablb  of  the  Weight  of  Flat  Bar  Iron,  12  inches  long,  in  lbs. 

avoirdupois. 


TMckiMi. 

* 

A 

i 

f 

i 

f 

f 

i 

1  inch. 

1 

•21 

•81 

■42 

•63 

-81 

•47 

-63 

-94 

1-26 

1-67 

-42 

•68 

-84 

1-26 

1-68 

2-10 

2-52 

2-94 

1 

•62 

•78 

1-06 

1-67 

2-10 

2-62 

8-16 

8-67 

4-20 

•67 

•86 

118 

1-78 

2-31 

2-88 

8-46 

404 

4-62 

i 

•68 

•94 

1-26 

1-89 

2-62 

8-16 

8-78 

441 

6-04 

•78 

1-10 

147 

2-20 

2-94 

8-67 

4-41 

6-14 

6-87 

•§ 

2 

•84 

1-26 

1-68 

2^62 

8-86 

4-20 

6-06 

6-88 

6-72 

•S 

2 

•96 

1-41 

1^89 

2-88 

8-78 

4-72 

6-66 

6-61 

7-66 

a 

2 

2 

106 

1-67 

2-10 

816 

4-20 

6-26 

6-80 

7-86 

8-40 

-n 

116 

1-78 

2-81 

3-46 

4-62 

6-77 

6-98 

8-08 

9-24 

8 

126 

1-89 

2-62 

8-78 

604 

6-80 

7-66 

8-82 

1008 

g 

it 

1-86 

2-04 

2-73 

4-09 

6-46 

6-82 

8-19 

9-66 

10-92 

PQ 

r47 

2-20 

2-94 

4-41 

6-88 

7-86 

8-82 

10-29 

11-76 

8? 

1-67 

2-86 

816 

4-72 

6-30 

7-87 

9-46 

1102 

12-60 

4 

1-68 

2-62 

8-36 

6-04 

6-72 

8-40 

10-08 

1176 

13-44 

^ 

1-89 

2-83 

8-78 

6-67 

7-66 

9-45 

11-84 

18-23 

1612 

6 

210 

8-16 

4-12 

6-80 

8-40 

10-50 

12-60 

16-70 

17-80 

6 

2-62 

3-78 

6^04 

7-56 

1008 

12-60 

15-12 

17-64 

20-16 

Weight  of  a  copper  rod  12  inches  long  and  1  inch  diameter  sb  8*089  Ihs. 
Weight  of  a  hrass  rod  12  inches  long  and  1  inch  diameter  =s  2*86  lbs. 
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Brass. —  Weight  of  a  Lineal  Foot  of  Hound  and  Square. 


DlMMtor. 

Wtlf  ht  of 
rgaod. 

Welshtof 

I>teai«l«r. 

wtightor 

nmmA. 

Wtlghtof 

iMhM. 

Lbs. 

Lbt. 

laehat. 

Uba. 

Lta. 

•17 

•22 

1} 

8^66 

1103. 

•89 

•60 

it 

9-96 

12-66 

•70 

•90 

2 

11-82 

14-41 

1-10 

1-40 

ar 

12-78 

16-27 

1-69 

2-02 

2 

^ 

14-82 

18-24 

216 

2-76 

2 

15-96 

20-82 

2-88 

8-60 

2 

17-68 

22-68 

8-68 

4-66 

2 

19-60 

24-88 

. 

4-42 

5-68 

2 

21-40 

27-26 

5-86 

6-81 

2 

28-89 

29-78 

6-86 

800 

8 

26-47 

82-48 

7-47 

9-61 

Steel. —  Weight  of  One  Foot  of  Bound  Steel 


laeikMMid 

PMU. 

i 

* 

i 

t 

i 

i 

1 

1* 

U 

U 

IJ 

If 

U 

U 

2 

WtlglltiB 

lbi.MSld«ei- 

■udpMta. 

•167 

•876 

-669 

1-04 

1-5 

2-05 

2-67 

8-88 

4-18 

6-06 

6-02 

7-07 

8-2 

J-41 

11-71 

Tables  07  the  Wsiqhts  of  Rolled  Ibok, 

Per  linaal  foot,  of  various  sedionSf  iUustraied  in  the  aceompanying  cuts,  tk. 
Parallel  Angle  Lron,  equal  and  unequal  sides  ;  Htper  Angle  Lron;  ParaUd  T 
Iron,  equal  and  unequal  depth  and  width ;  Taper  T  Iron;  Sash  Lron;  and  Per' 
manent  and  Temporary  Bails, 


Table  I. — Parallel  Angle  Iron^  of  equal  sidee.    (Fig.  1.) 


Lmnthof  lidM 


laelMa. 
8 
2} 

21 


Untfora  thtekBMi 
thxoiiffbovL 


5-16ths 
faU 


w«igiitoroB« 

lineal  foot 
inllM. 


8-0 

70 

5-75 

4-5 

8-76 

8-0 

2-5 

1-76 

1-5 

1-25 

1-0 
-875 
•625 
-568 
•5 


Fig.  1. 


Kd  I 

U ^ V 
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Tablb  II. — Parallel  Angle  Iron,  of  unequal  sides.     (Fig.  2.) 


Lenflh  of  lide  A, 

^-TiiT."- 

Unifonn 

thioknen 

throTBghoat. 

Weight  of  OB* 

lineal  foot 

inlbe. 

iMlMS. 

iBehM. 

Inohes. 

^ 

6 

I 

9-75 

8 

6 

8-76 

8 

4 

5-16th8 

7-6 

l\ 

4 

6-16th8 

6-75 

4 

1 

6-76 

2 

4 

6-5 

2i 

8 

4-75 

2 

2i 

8-376 

li 

2      ■/ 
2      / 

2-876 

1* 

8-16tIi8 

2-26 

(^ 


Fig.  2. 

A -9i 


Table  m. — Taper  Angle  Iron^  of  equal  sides.    (Fig.  8.) 


Pig.  8. 


Length  of  ifdM, 

ThiokneH  of 

ThiekneHofroot 

Weight  of  one 

lineal  foot 

inlba. 

AA^irmohea. 

•dgMatB. 

ate. 

iMhee. 

Inehea. 

laohes. 

4 

1 

1 

14-0 

8 

10-876 

2i 

7-16th8 

9-16th8 

8-26 

2} 

1 

k 

6-6 

2t 

6-16th8,  foU 

7-16th8 

6-0 

2 

;     fuU 

6-16ths,  fuU 

8-876 

11 

6-16th8 

8-26 

tbare 

6-16th8,  bare 

2-626 

Table  JY.— Parallel  T  Iron,  of  unequal  width  and  depth.  (Fig.  4.) 


Width  of 

IT* 

inehee. 

Total 
ineh^ 

Uniform  thick- 

nem  of  top 

Ublea 

Uniform 

thiokneu  of 

ribD. 

Weight  of  one 

lineal  foot 

inlbe. 

iMhee. 

Inehes. 

Inehee. 

Inohei. 

6 

6 

JL 

9.16th8 

15-75 

4} 

8* 

,  . 

18^26 

4 

8 

. 

8B75 

8 

8 

8-25 

8 

4 

12*5 

2 

2 

8 

7-0 

2 

6-16t]i8 

fuU 

45 

2 

IJ 

6-16ths 

6-16th8 

4-0 

If 

2 

i 

8-126 

^ 

2 

i 

:: 

2  875 

H 

H 

\ 

2BT5 

1 

\\ 

8-16th8 

8-16tb8 

16 

♦ 

1 

8-16th8 

8-16th8 

f        1-126 
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Table  V. — Parallel  T  Iran^  of  equal  depth  and  undih.     (Fig.  5.) 


Kg.  6. 


Width  of  top 

Unifcrm 

Weight  of  OM 

table,  ftnd  totid 

thiokneM 

lineal  foot 

depth  A  A. 

in  lbs. 

IiMhee. 

Inohee. 

6 

i 

6 

7-16th8 

18-76 

4 

9-76 

8i 

8-6 

8 

7-6 

li 

5-16th8 

4-626 

6-16th8 

4-6 

2 

6-16tha 

8-76 

1 

80 

1 

2-26 

1 

1-76 

1 

8-16th8 

10 

i 

i 

•726 

i 

i 

•626 

Table  VI.— 

'Taper  J  Iron. 

Width  of!  Totia 

top  table   depth 

X.  in      B,  in 

inohee.    inohee. 

Thicknea  of 

top  table  at 

VootC. 

Thiekneu  oi 

top  tablo  at 

odgci  D. 

Uniform 

thiokneesef 

ilbE. 

Weight  of  one 

Unealfbot 

in  lbs. 

Inches. 

8 
8 

I* 

2 
2 

Inehas. 

^ 
1} 
n 

Inches. 

7-16th8 
7-16th8 

Ifall 
5-16th8 

6-16th8 
6-16th8 

i 

Inehee. 
7-16th8 

6-16th8 

! 

8-0 

8-0 

6-26 

6-6 

8-6 

2-876 

(Fig.  6.) 


Kg.  6. 


Table  VIL— aSmA  Iron.    (Fig.  7.) 


Total 
depth  A. 

Depth  of 
rebate  B. 

Width  at 
edge  a 

Greatest 
width  D. 

Weight  of  one 

lineal  foot 

inlbe. 

IUi!l«9. 

2 

Inches. 

1 

1  • 

No.9wir«-gaage 

6 

10 
10 
i 

Inches. 
6-8th8 

9-16th8 
9-16th8 
9.16th8 
9.16th8 
i 

1-76 
1-626 
1-26 
1126 
1-0 
•76 

Tablx  VIII. — RaUt  emial  top  and  bottom 
Tablet.    (Fig.  8.) 


^&?hi:** 

Width  aerosi  top 

and  bottom  BB» 

in  inehes. 

Tideknesiof 
riba 

Weight  of  one 

•  liiSialibot 

in  lbs. 

Inehes. 

6 

Inehes. 

Inehes. 

26-0 

28-88 

21-66 

SPBCIFIO   GRAVITY. 

Tablb  IX.— Temporary  Bails.     (Fig.  9.) 
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Top  wklth 

A.1A 

BfbiHdth 

B«d  wMth 

ToUldtpth 

Thi«kn«M 
ofb«d£. 

Weight  of  one 

UneAl  foot 
inlbf. 

^ 

2 

laehM. 
t 

lMh««. 

8 
8 
4 
4 

2 

? 

8 

InehM. 
7-16thB 

1  ' 

90 
120 
160 
17-88 

Tablb  of  Natural  SineSy  Co-sineSy  Tangents^  Co-tangenUy  Secants^ 
and  Oo-secanUy  to  every  degree  of  the  Quadrant. 


!>•«. 

Binet. 

Tangent!. 

Co-taogents. 

8«4.anta. 

Degree. 

0 

•00000 

1^00000 

•00000 

Infinite. 

1-00000 

Infinite. 

90 

1 

•01746 

•99986 

•01746 

57-2900 

1-00016 

57-2987 

89 

2 

■08490 

•99989 

•08492 

28-6368 

1-00061 

28-6687 

88 

8 

•06284 

•99868 

•05241 

190811 

1-00187 

19-1073 

87 

4 

•06976 

•99766 

•06998 

14-8007 

100244 

14-3356 

86 

5 

•08716 

•99619 

•08749 

11-4801 

1-00382 

11-4787 

86 

6 

•10468 

•99462 

•10610 

9-51286 

1-00651 

9-66677 

84 

7 

•12187 

•99256 

•12278 

8-14486 

100761 

8-20551 

88 

S 

■18917 

•99027 

•14064 

7-11537 

1-00988 

7-18580 

82 

9 

•16648 

•98769 

•15888 

6-81876 

1-01246 

6-89246 

81 

10 

•17866 

•98481 

•17683 

6-67128 

101648 

6-75877 

80 

11 

•19081 

•98163 

•19438 

614466 

1-01872 

6-24084 

79 

12 

•20791 

•97815 

•21266 

4^70468 

1-02234 

4-80978 

78 

18 

•22495 

•97487 

•28087  ' 

4-88148 

1-02680 

4-44641 

77 

14 

•24192 

•97030 

•24988 

4^01078 

1-08061 

4-13856 

76 

15 

•25882 

•96598 

•26796 

8-78206 

1-08628 

8-86870 

76 

16 

•27664 

•96126 

•28676 

8-48741 

1-04080 

8-62796 

74 

17 

•29237 

•96680 

•80678 

8-27086 

1-04569 

8-42030 

78 

18 

•30902 

•96106 

•82492 

3-07768 

106146 

8-23607 

72 

19 

•82657 

•94662 

•84488 

2-90421 

1-06762 

8-07155 

71 

20 

•84202 

•98969 

•86397 

2-74748 

1-06418 

2-92880 

70 

21 

•86837 

•98858 

•88386 

2-60509 

107114 

2-79048 

69 

22 

•87461 

•92718 

•40408 

2-47609 

1-07858 

2-66947 

68 

28 

■^9078 

•92060 

•42447 

2-86586 

1-08686 

2-65980 

67 

24 

•40674 

•91866 

•44628 

2-24004 

1-09464 

2-45859 

66 

25 

•42262 

•90631 

•46681 

2-14451 

1-10838 

2-36620 

65 

26 

•48887 

•89879 

•48778 

206030 

1-11260 

2-28117 

64 

27 

•46899 

•89101 

•60962 

1-96261 

1-12283 

2-20869 

68 

28 

•46947 

•88296 

•68171 

1-88078 

1-18267 

2-18006 

62 

29 

•48481 

•87462 

•56481 

1-80405 

1-14336 

2-06266 

61 

80 

•60000 

•66608 

•67785 

1-78205 

1^16470 

2-00000 

60 

81 

•61504 

•86717 

•60086 

1-66428 

1-16668 

1-94160 

69 

82 

•62992 

•84806 

•62487 

1-60083 

1-17918 

1-88708 

68 

88 

•54464 

•83867 

•64941 

1-63986 

1-19286 

1-83608 

57 

84 

•65919 

•82904 

•67461 

1-48266 

1-20622 

1-78829 

66 

85 

•57858 

•81916 

•70021 

1-42816 

1-22077 

1-74846 

66 

86 

•58778 

•80902 

•72664 

1-37638 

1-23607 

1-70180 

64 

87 

•60181 

•79868 

•76866 

1-82704 

1-26214 

1-66164 

68 

88 

•61666 

•78801 

•78129 

1-27994 

1-26902 

1-62427 

62 

89 

•62982 

•77716 

•80978 

1-23490 

1-28676 

1-58902 

61 

40 

•64279 

•76604 

•83910 

1-19176 

1-80541 

1-65572 

60 

41 

•66606 

•76471 

•86929 

1-16087 

1-32511 

1-52426 

49 

42 

•66918 

•74814 

•90040 

1-11061 

1-84661 

1-49448 

48 

43 

•68200 

•78136 

•98261 

1-07287 

1-86706 

1^46628 

47 

44 

•69466 

•71984 

•96669 

1-03658 

1-89012 

1-43956 

46 

45 

•70711 

•70711 

100000 

1-00000 

1-41421 

1-41421 

46 

D^. 

Oo-flaeB. 

Biaot. 

Tangentf. 

Oo-ee«aata. 

BooaaU. 

Degree. 
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MOMEHT  OF  IHEBTIA. 

C0BD8,   KNOTS;  M0DX8;  OHAIN-BRIDOE. — ^ANQULAB  VXLOCITT. — RADIUS 

OF  GYRATION. 

1.  If  the  cord  ;NB,  be  fixed  at  the  extremity  B,  and  stretched 
by  a  weight  of  500  lbs.  at  the  extremity  ;,  and  the  middle  knot  or 
node  N,  by  a  force  of  255  lbs.  palling  upwards,  under  an  angle 
a  N  5  of  54^ ;  what  is  the  tension  and  position  of  NB. 


Angle  gNr  «=  180°  -  angle  jNP;  and  90°  -  aNfi  «  JNc» 
yNr  -  86°;  cos.  36°  =  -80902. 

s/50(fi  +  255>  -  2  X  265  X  500  x  cos.  86°  «  829-7  lbs.,  the 
magnitude  of  the  tension. 

500  sin.  36°        qoiqq^        •       r       i     axt  i    ^xr 

— QOQJT —  ==  -891886  =*  sine  of  angles  6  N  «,  or  angle  BN  r  « 

68°  2'. 

2.  Between  the  points  A  and  B>  a  cord  10  feet  in  length  ii 
stretched  by  a  weight  W  of  500  lbs.  suspended  to  it  by  a  ring; 
the  horizontal  distance  AE  «=  6*6  feet,  and  the  vertical  distance 
BE  »  8*2  feet;  required  the  position  of  the  ring  C,  the  tensioDS, 
and  directions  of  the  rope. 

The  tensions  of  the  cords  AC,  CB  are  equal,  and  angle  AOi  ^ 
angle  b  CB. 


UOUVST  OV  iniSTIA. 
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AD  -  AC  +  OB  -  10  feet. 
•(10»  -  6-6»)  -  7-5126  -  ED;  BD  -  7-5126  -  8-2  -  4-8126 

Dn  -  ^^  -  2-1568;   7-6126  :  21668  : :  10  :  |^§|  - 
2-87  -  CD  -  CB;  and  CA  -  10  -  2-87  -  7-18. 

•76182. 


Bn       .  .     ,„„      21563 
5j-C0Bme6CB--2q87- 


...  Z.iCB  -  41°  18-  2^,,Ypi8^  'j~^  -  8827  lbs.. 

the  tension  on  the  cord  OB,  which  is    equal  to  the  tension 
on  AC. 
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8.  Let  500,000  lbs.  be  the  whole 
weight  on  a  chain-bridge  whose  span 
AB  =»  400  feet,  and  height  of  the  arc 
CD  =s  40  feet ;  required  the  tensions 
and  other  circumstances  respecting  the 
chains. 

The  tangent  of  the  angles  of  incli- 
nation of  the  ends  of  the  chain  is 
equal 

40  X  2 

~2QQ~  =  '40000,  the  angle  answer- 
ing to  this  natural  tangent  is  21^  48^ 

The  vertical  tension  at  each  point 

of  suspension  is  »  half  the  weight  » 

250000 ;  the  horizontal  tension  at  the 

points  of  suspension  =  250000  X  cot. 

250000 
2r  48'  -      .^       «  625000  lbs- 

The  whole  tension  at  one  end  will  be 


v^625000'»  +  250000^  «  673146  lbs. 

4.  Suppose  the  piston  of  a  steam 
engine,  with  its  rod,  weighs  1000  lbs. ; 
it  has  no  velocity  at  its  highest  and 
lowest  positions,  but  in  the  middle  the 
velocity  is  a  maximujn  and  equal  10  ft. ; 
what  effect  will  it  accumulate  by  virtue 
of  its  inertia  in  the  first  half  of  its 
path,  and  give  out  again  in  the  second 
half;  and  what  is  the  mean  force  which 
would  be  requisite  to  accelerate  the 
motion  of  the  piston  in  the  first  half 
of  its  path,  which  is  the  same  as  that 
which  it  would  exert  in  the  second  half 
by  its  retardation,  the  length  of  stroke 
being  8  feet. 

According  to  the  principle  of  vis 
viva^  the  effect  which  the  piston  will 
accumulate  by  virtue  of  its  inertia  in 
the  first  half  of  its  path,  and  give 
out    again    in    the    second    half   « 

10» 
^  ^  32^2  X  1000  =»  1552-794  units  of  work. 

the  piston  »  4  feet ;  hence, 
1552-794 
7 ■"*  388*1985  lbs.,  the  mean  force. 

MoMBKT  OF  Inertia,  or  the  Mombnt  of  Rotatioh,  or  the 
Moment  of  the  Mass,  is  the  sum  of  the  products  of  the  partides 


Half  the  path  of 
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of  the  mass  and  the  squares  of  their  distances  from  the  axis  of 
rotation. 

5.  If  a  body  at  rest,  but  capable  of  turning  round  a  fixed  axis  A, 
possesses  a  moment  of  inertia  of  121  units  of  work,  the  measures 
taken  in  feet  and  pounds,  made  to  turn  by  means  of  a  cord  and 
weight  of  86  lbs.,  lying  over  a  pulley  in  a  path  of  10  feet ;  what 
are  the  circumstances  of  the  motion. 


4 


^2  X  86  X  10 


121 


2*439847  feet,  the  angular  velocity  of  the 

body,  which  call  v  ;  so  that  each  point  at  the  distance  of  one  foot 
from  the  axis  of  revolution  will  describe,  after  the  accumulation 
of  121  units  of  work,  2*44  feet  in  a  second. 

6*2832  »  circumference  of  a  circle  2  feet  in  diameter, 

6*2882 
n,AA    ■■  2*6  seconds,  the  time  of  one  revolution. 

6.  If  an  angular  velocity  of  8  feet  passes  into  a  velocity  of  7  feet ; 
what  mechanical  effect  will  a  ma%s  produce  so  moving,  supposing 
the  moment  of  inertia  to  be  200,  the  measures  taken  in  feet  and 
pounds. 

According  to  the  principles  of  ms  vivOy 

200 
(7«  —  8^  -g-  «  4000  units  of  work,  which  may  be  40  lbs. 

raised  100  feet,  80  lbs.  raised  50  feet,  400  lbs.  raised  10  feet ;  and 
so  on. 

7.  The  weight  of  a 
rotating  mass  B  is 
500  lbs.,  its  distance 
OB  from  the  axis  of 
rotation  8  feet,  the 
weight  W,  constitut- 
ing the  moving  force, 
90  lbs.,  its  arm  AO 
=  OC  *=4feet;  re- 
quired the  circum- 
stances of  the  motion 
that  ensues. 

/  90  + 1^500  |-h  ' 

32-2  «  11.58  lbs., 
the  inert  maes  accele- 
rated by  the  force  of 
W.  And  it  is  well 
known  that  the  force 
divided  by  the  moMS 
gives  the  accelera- 
tion. 
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90 

.'.  ftTFo  *=»  7'806,  the  acceleration  of  the  motion  of  W.    The 

7-806 
angular  acceleration  in  a  circle  1  foot  from  the  axis  =»  — j—  * 
1-9516.  ^ 

After  10  Boconcb  the  acquired  angular  velocity  will  be 
1-9515  X  10  -  19-615. 

1-9515  X  10* 
And  the  corresponding  distance  « s **  97-575  feet, 

measured  on  a  circle  one  foot  from  0. 

7*806  X  10* 
.  The  space  described  by  the  weight  W  is s "*  890-8  feet, 

which  is  the  same  as  the  space  described  by  C.     The  circumfe- 
rence of  a  circle  one  foot  from  0  »  8*1416. 
97-575 
.-.  Q.-tAi^  "■  81-059  revolutions. 

In  the  rotation  of  a  body  AB  about  a  fixed  axis  0,  all  its  points 
describe  equal  angles  in  equal  times.     If  the  body  rotate  in  a  cer- 

tain  time  through  the  angle  0^,  or  arc  t  ~  180^^'  radius  »  1; 

and  hence,  ft »  8*141592^  &c. ;  the  elements  of  the  body^  Oy  (,  e,  &c., 

at  the  distances 

oa  «*  x^j  oh  — 

x^  &c.  from  the 

axis,  will  describe 

the  arcs  or  spaces 

.  If  the  angu- 
lar velocity,  that 
is,  the  velocity  of 
those  points  of 
the  body  which 
are  distant  a  unit 
of  length,  a  foot, 
from  the  axis  of 
revolution,  be  put 
»  2,  then  the  si- 
multaneous velo- 
cities of  the  ele- 


'1  -^  ta?„ 
&c. 


ments  of  the  mass  at  the  distances  x.^ 


zx^.  zx^  zx. 


ke. 


&c.,  will  be, 


And  if  a  be  the  mau  of  the  element  at  a  ;  b  the  moBs  of  the  ele- 
ment at  i  ;  €  the  masB  of  the  element  at  c,  &c.,  their  vis  viva  will  be, 

{zx^fa,  {zx^h,  {zx^fe,  tc. 
And  the  sum  of  the  vii  viva  of  the  whole  body  « 

$f{x^a  +  x^h  +  x^^e,k(i.) 
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According  to  our  definitioii,  x^a  +  x^b  +  x*ej  ko.  is  the  mo- 
ment of  inerttOj  which  may  be  Represented  by  B ;  then  2^  R  is  the 
vis  viva  of  a  body  revolving  with  the  angular  velocity  z.  There- 
fore, to  communicate  to  a  body  in  a  state  of  rest  an  angular  velo- 
city z^  a  mechanical  effect  F  s,  or  force  X  space  «  ^  the  vis  viva^ 
must  be  expended ;  that  is,  F«  «=  1 2^  R,  or,  which  is  the  same  thing, 
a  body  performing  the  units  of  work  F  «,  passes  from  the  angular 
velocity  2;  to  a  state  of  rest.  In  general,  if  the  initial  angular 
velocity  »  t;,  and  the  terminal  angular  velocity  »  2,  the  units  of 
work  will  be, 

2*  —  V* 
F  *  =*  — 9 —  X  B«  • 

The  moment  of  inertia  of  a  body  about  an  axis  not  passing 
through  the  centre  of  gravity  is  equivalent  to  its  moment  of  inertia 
about  an  axis  running  parallel  to  it  through  the  centre  of  gravity^ 
increased  by  the  product  of  the  mass  of  the  body  and  the  square  of 
the  distance  of  the  two  centres. 

It  is  necessary  to  know  the  moments  of  inertia  of  the  principal 
geometrical  bodies,  because  they  very  often  come  into  application 
in  mechanical  investigations,  if  these  bodies  be  homogeneous,  as 
in  the  following  we  will  always  suppose  to  be  the  case,  the  particles 
of  the  mass  M^,  M,,  &c.  are  proportional  to  the  corresponding  par- 
ticles of  the  volume  V„  V„  &c. ;  and  hence  the  measure  of  the 
moment  of  inertia  may  be  replaced  by  the  sum  of  the  particles  of 
the  volume,  and  the  squares  of  their  distances  from  the  axis  of 
revolution.  In  this  sense,  the  moments  of  inertia  of  lines  and  sur- 
faces may  also  be  found. 

If  the  whole  mass  of  a  body  be  supposed  to  be  collected  into  one 
point,  its  distance  from  the  axis  may  be  determioed  on  the  suppo- 
sition that  the  mass  so  concentrated  possesses  the  same  moment 
of  'inertia  as  if  distributed  over  its  space.  This  distance  is  called 
the  radius  of  gyration^  or  of  inertia.  If  R  be  the  moment  of  iner- 
tia, M  the  mass,  and  r  the  radius  of  gyration,  we  thei^  have  M  r* » 

/R 
R,  and  hence  ^  ^  \\K*    ^^  ^^^  ^^^  ^^  xciiA  that  this  radius  by 

no  means  gives  a  determinate  point,  but  a  circle  only,  within  whose 
circumference  the  mass  may  be  considered  as  arbitrarily  distributed. 

If  into  the  formula  R.  =  R  +  M  e^,  expressed  in  the  words  above 
printed  in  italics,  we  introduce  R  =  M  r*  and  R^  —  M  r,*,  we 
obtain  r/  =  r*  +  e";  that  is,  the  square  of  the  radius  of  gyration 
referred  to  a  given  axis  =  the  square  of  the  radius  of  gyration 
referred  to  a  parallel  line  of  gravity,  plus  the  square  of  the  dis- 
tance between  the  two  axes. 

Wheel  and  axle. — The  theory  of  the  moment  of  inertia  finds  its 
most  frequent  application  in  machines  and  instruments,  because  in 
these  rotary  motions  about  a  fixed  axis  are  those  which  generall;^ 
present  themselves. 

27 
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If  two  weights,  P  and  Q,  act  on  a  wheel  and  axle  ACDB,  with 
the  arms  GA  «=  a  and  DB  »  h  throngh  the  medium  of  perfectly 
flexible  strings,  and  if  the  radios  of  the  gndgeons  be  so  small  that 
their  friction  may  be  neglected,  it  will  remain  in  equilibrium  if  the 
statical  moments  P  .  GA  and  Q  .  DB  are  equal,  and  therefore 
P  a  a  Q  (.  But  if  the  moment  of  the  weight  P  is  greater  thaa 
that  of  Q,  therefore  P  a  >  Q  (,  P  will  descend  and  Q  ascend ;  if 
P  a  <  Q  d,  P  will  ascend  and  Q  descend.    Let  us  now  examine  the 


conditions  of  motion  in  the  case  that  P  a  >  Q  5.    The  force  corre- 
sponding to  the  weight  Q  and  acting  at  the  arm  h  generates  at  the 

arm  a  a  force  — ,  which  acts  opposite  to  the  force  corresponding 

to  the  weight  P,  and  hence  there  is  a  residuary  moying  force 

P acting  at  A.    The  mass  —  is  reduced  by  its  transfiarenee 


Q6* 


from  the  distance  h  to  that  of  a  to  — ^  ;  hence  the  mass  moved  by 
(p  +  -^  -*-  ^,  or,  if  the  moment  of  inertia  rf 


a 
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the  wheel  and  axle  without  the  weights  P  and  Q  =  — ^,  and,  there- 
fore,  its  inert  taass  reduced  to  A  ■*  ~~j,  we  have,  more  exactly, 

M  «  (P  +  ^  +  ^')  -^  ^  -  (Pa«  +  Qy  +  Gy^)  s-^a>. 

From  thence  it  follows  that  the  accelerated  motion  of  the  weight 
P,  together  with  that  of  the  circumference  of  the  wheel,  namely, 

moving  force  a  ^  Pa  — Qi 

P'^       mass       'F?+Q^+G7^     ""Pa'+Q  J«+Gy»^^^' 
on  the  other  hand,  the  accelerated  motion  of  the  ascending  weight 
Q,  or  of  the  circumference  of  the  axle,  is, 
h  Pa-  Qi 

*"aP*Pa»+  Q6»  +  Gy»^*- 

The  tension  of  the  string  by  P  is  S  =  P ^  =  P  (l  -  -), 

that  of  the  string  byQisT  =  Q  +  —  =  q(i  +  2);  hence  the 
pressure  on  the  gudgeon  is, 

the  pressure,  therefore,  on  the  gudgeons  for  a  revolving  wheel  and 
axle  is  less  than  for  one  in  a  state  of  equilibrium.  Lastly,  from 
the  accelerating  forces  p  and  j,  the  rest  of  the  relations  of  motion 
may  be  found;  after  t  seconds,  the  velocity  of  P  is  t;  =  jt?^,  of  Q 
is  Vj  =  yf,  and  the  space  described  by  P  is  »  =  J|??,  by  Q  is 

Let  the  weight  P  at  the  wheel  be  «=  60  lbs.,  that  at  the  axle 
Q  «  160  lbs.,  the  arm  of  the  first  CA  =  a  «  20  inches,  that  of 
the  second  DB  «  6  ==  6  inches ;  further,  let  the  axle  consist  of  a 
solid  cylinder  of  10  lbs.  weight,  and  the  wheel  of  two  iron  rings 
and  four  arms,  the  rings  of  40  and  12  lbs.,  the  arms  together  of 
15  lbs.  weight;  lastly,  let  the  radii  of  the  greater  ring  AE  =» 
20  and  19  inches,  that  of  the  less  FG  =»  8  and  6  inches ;  required 
the  conditions  of  motion  of  this  machine.  The  moving  force  at 
the  circumference  of  the  wheel  is, 

P  -  ^  Q  =  60  -  ^  160  ==  60  -  48  =  12  lbs., 

the  moment  of  inertia  of  the  machine,  neglecting  the  masses  of  the 
gudgeons  and  the  strings,  is  equivalent  to  the  moment  of  inertia 

W6»      10. 6»      .o^    ,      ^  ..1. 

of  the  axle  =  — g-  «=  — s —  *"  ^^^>  ^^^  *^®  moment  of  the  smaller 


nag 


R.  (Ti*  +  O      12  (8»  +  6»)       ^^^    ,      ^ 
'^  *o ^  —  — ^— o -  600,  plus  the  moment  of 


420  THB  PRAOnOAL  XODKL  OALGULATOB. 

40(20*  +  19*) 
the  larger  ring  « ^^ — o "*  15220,  plus  the  moment  of 

the  arms,  approximately  ■■    g  V*  ^ — y  « ^-^ ^  * 

15(1{P  + 19x8  +  8*)      «^^,  V  „     .    ,     ^   •      ,on 

— ^^ 3 '  »  2885 ;  hence,  collectively,  Q^y^  «  180  + 

18885 
600  +  15220  +  2886  «  18886,  or  for  foot  measure  «  -^^^  = 

131-14.  The  collective  mass,  reduced  to  the  circumference  of  the 
wheel  is, 

/t.  .  Q**  +  ^t\  r^A      .^A  /  6  \*      18885t 

(60  +  160  X  0-09  +  -4or)  ®*®^1  *  l^l'^l  ^  ®'®^1  "^  ^^"^  ^^ 

Accordinglv,  the  accelerated  motion  of  the  weight  P,  together 
with  that  of  the  circumference  of  the  wheel,  is, 

^-sQ  12 

^  ""     p  I  Q  y  t  qTs  9    =  gjry   =■  8-188  feet;  on  the  other 

i  6 

hand,  that  ofQis5  =  -;>«20  ^'-^^^  **  ®'^^  *^*'  further,  the 

/        »\  /        8-133\ 

tension  of  the  string  byPis«(l-MP=-(l-g2;2-)  60  = 

54-07  lbs. ;  that  by  Q,  on  the  other  hand,  Q  «  (l  +  2^  q  « 

(1  +  0-925  X  0-032)  160  -  1-030  160  =-  164-8  lbs.;  and  con- 
sequently the  pressure  on  the  gudgeons  S  +  T  =  54-06  + 164-80  = 
218*86  lbs.,  or  inclusive  of  the  weight  of  the  machine  »  218-86  + 
77  =  295-86  lbs.  After  10  seconds,  P  has  acquired  the  velocity 
;7t  -»  3*084  X  10  »  30*84  feet,  and  described  the  space  «  » 

vt  h 

-^  Bs  80*84  X  5  «  154-2  feet,  and  Q  has  ascended  a  height  -  «  » 

0-8  X  154-2  -  46*26  feet. 
The  weight  P  which  communicates  to  the  weight  Q  the  aceele- 
PaJ  — Q6» 
rated  motion  q  =■  P  a^  4-  Q  A>  4-  G  t/«  9^  °^*y  ^^  ^  replaced  by 

another  weight  P^,  without  chancing  the  acceleration  of  the  motion 
Q,  if  it  act  at  the  arm  a^,  for  which, 

P,a, -Q6 Pa-Qi 

P»at*  +  Q6'  +  Gy»  ^  Pa»  +  Qft*  +  Gy» 

The  magnitude Pa  —  Qt *  represented  by  i,  and  we  ob- 
tain a/,  —  ia^  » ^ — p^^ ^,  andthe  armin  qaeetioOf 
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We  may  also  find  by  help  of  the  differential  calculus,  that  the  mo- 
tion of  Q  is  most  accelerated  by  the  weight  P,  when  the  arm  of  the 
latter  corresponds  to  the  equation  Pa'  —  2  Qa6  =  Q6*  +  Gry^ 
therefore, 

« =  -p-  +  ^(,-p-; p • 

^  The  formula  found  above  assumes  a  complicated  form  if  the  fric- 
tion of  the  gudgeons  and  the  rigidity  of  the  cord  are  taken  into 
account.     If  we  represent  the  statical  moments  of  both  resistances 

by  F  r,  we  must  then  substitute  for  the  moving  force  P Q,  the 

QJ  +  Fr 
value  P ~ y  whence  the  acceleration  of  Q  comes  out,  * 


(Pa-Fr)5-Qy  ,  QJ+Fr  //Q6+Fr^'+Q6'+Gy» 
?^Pa«  +  Q6»+Gy*^  ^'^^  "*  ^  P  +%/v  ~Y~J  P  • 
The  weights  P  »  30  lbs.  Q  »  80  lbs.  act  at  the  arms  a  =  2  feet, 
and  i  ffi  I  foot  of  a  wheel  and  axle,  and  their  moments  of  inertia 
Gy^  amount  to  60  lbs. ;  then  the  accelerated  motion  of  the  ascend- 
ing weight  Q  is, 

80x2xJ-80x(i)»  30-20        ^^  ^         322 

*~80x2»  +  80x(J)»+60^  ~  120  +  20  +  60  "^^  "  200  ~ 
1-61  feet.  But  if  a  weight  P^  »  45  lbs.  generates  the  same  acce- 
leration in  the  motion  of  Q,  the  arm  of  P^  is  then, 

k  _^    Lk?      80  X  J  (i  +  i)  +  60  ,  200 

"t  "  2  =^  WVl^  45 '  «'  "  *  -  60-40  •= 

J  32 

25  -  y  «  5  =h  J 11-358  =  5  =b  3-786  =»  8-786 

feet,  or  1-214  feet. 

The  accelerated  motion  of  Q  comes  out  greatest  if  the  arm  of 
the  force  or  radius  of  the  wheel  amount  to, 

ix80        17W?      20^"6Q      4        WT^_i±J^_ 
+  JVSO/  ■*"       30       "3"*"-J9'^9 


a  = 


80    "^ W VSO/  "^      30      "3"^-J9^9""        3 
-.  /30  X  1-7207  -  20x  31-621 


3-4416  feet,  and  j  is  =  (30-^3^15)3+80)  3  =  435:32  9   = 

2-339  feet. 

The  statical  moment  of  the  friction,  together  with  the  rigidity 
of  the  string,  is  Fr  »  8 ;  then,  instead  of  Q  &,  we  must  put  Qb  + 
Fr  =  40  +  8  «  48 ;  whence  it  follows  that, 

a  =  I?  4-  J(|q)'  +  ^  =  1-6  4-  ^^5^227  «  3-886,  and  the  cor- 

respondent  maximum  accelerating  force 

_  80x1-948-8x1-20  ^  _  84;29 
^  =       30x(3-886)»+80       ^  =    533    ^  ^^  ^        "^  "^^  *^**' 
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PABALLELOGRAH  OF  FORCES. — THE  PRINCIPLE  OP  VIRTUAL  VELOCmXS. 
— MECHANICAL  POWERS:  CONTINUOUS  CIRCULAR  MOTION,  GEARING, 
TEETH  OP  WHEELS,  DRUMS,   PULLETS,   PUMPING  ENGINES,   ETC. 

1.  If  a  weight  of  10  lbs.,  moyed  by  the  hand,  ascends  with  a  S 
feet  acceleration,  what  is  the  pressure  on  the  hand  I 

10  (1  +  3I2)  =  10-93168  lbs. 

If  a  weight  of  10  lbs.,  moved  by  the  hand,  descends  with  a  3  feet 
acceleration,  the  pressure  on  the  hand  will  be  9*06832  lbs.,  for  then 

10  (1  -  3I2)  =  9-06832. 

If  w  be  the  weight  of  the  vums  acted  upon  by  the  force  of  the 
hand,  and  also  by  the  force  of  gravity,  as  ^  »  32-2,  the  nau 

moved  by  the  sum  or  difference  of  these  forces  will  be  =  —  •     If  P 

be  the  pressure  on  the  hand,  and  p  its  acceleration,  the  body  falls 

>'       iff 
with  the  force  —  ^ ;  it  also  falls  with  the  force  w  —  P ;  hence, 

V 

When  the  body  is  ascending,  then  p  is  negative, 

and  w  +  P  =  ^  (- 1))    .-.  P  ==  (1+  ^)  «. 

2.  If  a  body  of  200  lbs.  be  moved  on  a  smooth  horizontal  trad^, 
by  the  joint  action  of  two  forces,  and  describes  a  space  of  10  feet 
in  the  first  second,  what  is  the  amount  of  each  of  these  forces ;  the 
first  makes  an  angle  of  35^  with  the  track  upon  which  the  body 
moves,  and  the  other  an  angle  of  50^  ? 

In  solving  this  question,  the  natural  sines  of  the  angles  35^,  50^, 
and  of  their  sum  85^,  will  be  required.  We  shall  first  take  these 
from  the  table : 

sin.  35^  «  -57358 

sin.  50°  «  -76604 

sin.  85°  =  -99619. 

The  acceleration  is  =»  20  feet,  that  is,  twice  the  spaoe  passed  ovef 
in  the  first  second, 

200  200 

ggTg  =  the  7na««,  ^^^~^^  x  20  =  124-224  lbs.,  the  force  of 

the  resultant,  in  the  direction  of  the  track  upon  which  the  body 
moves. 
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One  of  the  components 
The  other  component  > 


124-224  sin.  35° 
''  sin.  (SS"  +  60°) 
124-224  sin.  50° 


71-52  lbs. 


95-52  lbs. 


sin.  (35°  +  50°) 
These,  and  the  like  results,  may  be  obtained  with  greater  ease 


by  logarithms. 


Log.  124-224 
Log.  Bin.  35° 

Log.  sin.  85° 

Log.  of  71-52413 

Log.  124-224 
Log.  sin.  50° 

Log.  sin.  (85°) 
Log.  of  96-5247 


2-0942055 
9-7585918 

11-8527968 
9-9983442 

1-8544526 

20942056 
98842540 

11-9784696 
9-9983442 


1-9801153 

8.  A  carriage  weighing  8000  lbs.  is  moved  forward  by  a  force /^ 
of  500  lbs.  upon  a  horizontal  surface  AB ;  during  the  motion,  two 
resistances  have  to  be  overcome,  one  horizontal  of  100  IbsJ,  the 
amount  of  friction,  represented  in  the  figure  by/,,  the  other/,  of 


200  lbs.  acting  downwards ;  the  angles  /,  n/,  and  /,  n  m,  which  the 
directions  of  these  forces  make  with  the  horizon,  are  61°  and  21° 
respectively :  it  is  required  to  know  what  work  the  force  /,  will 
perform  by  converting  a  6  feet  initial  velocity  of  the  carriage  into 
a  20  feet  velocity. 

If  we  put  x  »  n  fn,  the  distance  the  carriage  moves  in  passing 
from  a  5  to  a  20  feet  velocity, 

The  work  of  the  force/  =/,  X  ny  =  500  X  cos.  21°  X  x. 

The  work  of  the  force/  =»(—/)  x  nm  =  —  100  x  x. 

The  work  of  the  force/,  —  (— /J  x  n;?  =-  —  200  x  cos.  61°  x  *. 
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GoDseqnently,  the  work  of  the  effective  force  will  be  269*828  x 
X  =  {500  X  -94368  -  100  —  200  X  -48481}  x,  since  the  natiir 
ral  cosine  of  21°  =  -93358,  and  the  natural  cosine  of  61°  =  -48481. 

But  according  to  the  principle  of  im  viva,  the  work  done  is 

equal  to 

20*  —  6» 

X  8000  =  46589-82. 


64-4 
269-828  X  a;  « 


46589-82  and  x 


46589-82 


269-828   "" 
772*665  feet,  the  space  passed  oyer  by  the  carriage. 

This  question  is  solved  on  the  principle  of  virtual  velocitibs, 
which  we  shall  explain,  as  it  is  of  essential  service  in  practical 
mechanics. 

This  explanation  depends  on  what  is  technically  termed  the 
**  Parallelogram  of  Forces.*' 


When  a  material  point  0,  is  acted  upon  by  two  forces  Z^,/^  whose 
directions  0/^,  0/,,  make  with  each  other  an  angle,  if  0/„  O/,  re- 
present  the  magnitudes  and  directions  of  the  forces,  the  diagonal 
of  the  parallelogram  0  f^  /,  /,  represents  the  resultant  in  magnitude 
and  direction ;  that  is,  the  diagonal  represents  a  single  force  equal 
to  the  combined  actions  of  the  forces  represented  by  the  sides. 
And  if  the  sides  of  the  parallelogram  represent  the  accelerations 
of  the  forces,  the  diagonal  represents  the  resultant  acceleration. 
Draw  through  0,  two  axes  OX  and  OY,  at  right  angles  to  ^Msh 
other,  and  resolve  the  forces/^  ai^d/,,  as  well  as  their  resultant/,, 
into  components  in  the  directions  of  these  axes ;  namely,/  into  n^ 
and  m^ ;  /,  into  n^  and  m^ ;  and  /,  into  n,  and  m^.  The  forces  in 
one  axis  are  n^,  n,,  and  n, ;  and  those  in  the  other  m^,  m^  and  m,. 
And  by  the  parallelogram  of  forces  it  is  well  known  that 
«,  =5  Wj  +  w.  and  m,  =  m^  +  m..     (E). 

I^ow  if  we  take  in  the  axis  OX  any  point  P,  and  let  fall  firom  it 
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the  perpendiculars  PA,  PB,  PC,  on  the  directions  of  the  forces  Z^, 

f^yfg,  we  obtain  the  following  similar  right-angled  triangles,  namely, 

0 AP  and  0  n^f^  are  similar ; 

OBP  and  0  n,/, ; 

OOP  and  0  nX J 

On,       OA      n,      ^  AO  ^      ^  .        .,  ,      , 

•'.  Qj-  ■«  Qp  =  y  and  w,  =  "op*^!'     ^*  ^  easily  seen  also  that 

»•  =  oF-^»'  "^  ^»  ""  0P-^«* 

If  the  values  be  substituted  in  (£),  we  obtain 
BO  x/,=-CO  X/.+ AG  x/,. 

From  the  similarity  of  these  triangles,  and  the  remaining  equa- 
tion of  (E),  we  can  readily  find  that 

PBx/,=  PAx/,-}-PC  x/.. 
The  equation  becomes  more  compact  by  putting 

OA,  OC,  OB,  respectively  equal  «,,  9^  «, ;  and 

PA,  PC,  PB,  ?.,  y„  J,. 

Then/,«,«/.»,-f-/,»,and/3j3  =  /,j,  +  /,gr,. 

The  same  holds  good  with  any  number  of  forces  Z,,/,,/,,  &c., 
and  their  resultant /|,  that  is 

If  the  point  of  application  0,  move  in  a  straight  line  to  P,  then 
OA  =  9^  is  called  the  space  of  the  force /^,  and/,«.  the  work  done 
by  the  force /,,  in  moving  the  body  from  0  to  P.  OB  is  the  space 
of  the  resultant,  and  the  product/,  «„  the  work  done  by  it.  /,«, 
is  the  work  done  by/,  in  moving  the  material  point  0  from  0  to  P. 
Hence  the  work  done  by  the  resultant  is  equal  to  all  the  work  done 
by  the  component  forces,  as  we  have  shown. 


P&nrCIPLES  AHD  PRACTICAL  AFPUCATIOHS  OF 
MECHANICAL  POWERS. 

Mechakioal  Powers,  or  the  Elements  of  Machinery,  are  certain 
simple  mechanical  arrangements  whereby  weights  may  be  raised  or 
resistances  overcome  with  the  exertion  of  less  power  or  strength 
than  is  necessary  without  them. 

They  are  usually  accounted  six  in  number,  viz.  the  lever^  the 
wheel  and  axle^  the  pulley ^  the  inclined  jplane^  the  wedge,  and  the 
Mcrew;  but  properly  two  of  these  comprise  the  whole,  namely,  the 
lever  and  inclined  plane, — the  wheel  and  axle  being  only  a  lever 
of  the  first  kind,  and  the  pulley  a  lever  of  the  second, — ^the  wedge 
and  the  screw  being  also  similarly  allied  to  that  of  the  inclined 
plane :  however,  although  such  seems  to  be  the  case  in  these  re- 
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spectfly  jet  they  each  require,  on  account  of  their  variona  modifica- 
tions, a  peculiar  rule  of  estimation  adapted  expressly  to  the  differ- 
ent circumstances  in  which  they  are  individually  required  to  act 

THE  LEVER. 

Leyers,  according  to  mode  of  application,  as  the  following,  are 
distinguished  as  be- 
ing of  the  first,  se- 
cond, or  third  kind ; 
and  although  levers 
ofequallengthspro- 
duce  different  ef- 
fects, the  general 
principles  of  esti- 
mation in  all  are 
the  same ;  namely, 

the  power  is  to  the  wii».  eeibs. 

weight  or  resistance,  as  the  distance  of  the  one  end  to  the  fulcrum 
is  to  the  distance  of  the  other  end  to  the  same  point. 

In  the  fir^t  kind^  the  power  is  to  the  resistance,  as  the  distance 
A£  is  to  the  distance  BO. 

In  the  second^  the  power  is  to  the  resistance,  as  the  distance  AB 
is  to  that  of  AC ;  and, 

In  the  thirdy  the  resistance  is  to  the  power,  as  the  distance  AB 
is  to  that  of  AG. 

Rule,  first  kind. — Divide  the  longer  by  the  shorter  end  of  the 
lever  from  the  fulcrum,  and  the  quotient  is  the  effective  force  that 
the  power  applied  is  equal  to. 

Let  the  handle  of  a  pump  equal  65  inches  in  length,  and  10 
inches  from  the  shortest  end  to  centre  of  motion;  what  is  die 
amount  of  effective  leverage  thereby  obtained  ? 

65 
65  —  10  =  55,  and  jq  =  5J  to  1. 

Required  the  situation  of  the  fulcrum  on  which  to  rest  a  lever 
of  15  feet,  so  that  2|  cwt.  placed  at  one  end  may  equipoise  30  cwl. 
at  the  other,  the  weight  of  the*  lever  not  being  taken  into  account. 

15  X  2*5 

2*5  -I-  80  ^  1'154  feet  from  the  end  on  which  the  30  cwt.  is  to 

be  placed. 

It  is  by  the  second  kind  of  lever  that  the  greatest  effect  is  ob- 
tained from  any  given  amount  of  power;  hence  the  propriety  of 
the  application  of  this  principle  to  the  working  of  force  pomps,  and 
shearing  of  iron,  as  by  the  lever  of  a  punching-press,  &c. 

Rule,  second  kind. — Divide  the  whole  length  of  lever,  or  dis- 
tance from  power  to  fulcrum,  by  the  distance  from  fulcrum  to 
weight,  and  the  quotient  is  the  proportion  of  effect  that  the  power 
is  to  the  weight  or  resistance  to  be  overcome. 

Required  the  amount  of  effect  or  force  produced  by  a  power  of 
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60  lbs.  on  the  ram  of  &  Bramah's  pump,  the  length  of  the  lever 
being  3  feet,  and  distance  from  ram  to  fcdcrom  4^  inches. 

8  feet  ^  86  inches,  and  ^  »  8,  or  the  power  and  resistance 

are  to  each  other  as  8  to  1 ;  hence  50  x  8  »  400  lbs.  foroe  upon 
the  ram. 

The  lever  on  the  safety  valve  of  a  steam  boiler  is  of  the  third 
kindj  the  action  of  the  steam  being  the  power,  and  the  weight  or 
spring-balance  attached  the  resistance ;  but  in  such  application  the 
action  of  the  lever's  weight  must  also  be  taken  into  account. 

THB  WHXBL  AMD  PINION,  OB  OBANS. 

The  mechanical  advantage  of  the  wheel  and  axle,  or  crane,  is  aa 
the  velocity  of  the  weight  to  the  velocity  of  the  power ;  and  being 
only  a  modification  of  the  first  kind  of  lever,  it  of  course  partakes 
of  the  same  principles. 

ItuLB. — To  determine  the  amount  of  effective  power  produced 
from  agivenpofver  by  means  of  a  crane  with  knoum  peculiarities. — 
Multiply  together  the  diameter  of  the  circle  described  by  the  winch, 
or  handle,  and  the  number  of  revolutions  of  the  pinion  to  1  of  the 
wheel ;  divide  the  product  by  the  barrel's  diameter  in  equal  terms 
of  dimensions,  and  the  quotient  is  the  effective  power  to  1  of  ex- 
ertive  force. 

Let  there  be  a  crane  the  winch  of  which  describes  a  circle  of  80 
inches  in  diameter ;  the  pinion  makes  8  revolutions  for  1  of  the 
wheel,  and  the  barrel  is  11  inches  in  diameter ;  required  the  effec- 
tive power  in  principle,  also  the  weight  that  36  lbs.  would  raises 
friction  not  being  taken  into  account. 

SO  X  8 

^^      =  21-8  to  1  of  exertive  force ;  and  21-8  x  36  «  784-8  lbs. 

RuLB. — Given  any  two  parts  of  a  crane^  to  find  the  third,  that 
shall  produce  any  required  proportion  of  mechanical  effect. — Mul^ 
tiply  the  two  given  parts  together,  and  divide  the  product  by  the 
required  proportion  of  effect ;  the  quotient  is  the  dimensions  of  the 
other  parts  in  equal  terms  of  unity. 

Suppose  that  a  crane  is  required,  the  ratio  of  power  to  effect 
being  as  40  to  1,  and  that  a  wheel  and  pinion  11  to  1  is  unavoid- 
ably compelled  to  be  employed,  also  the  throw  of  each  handle  to 
be  16  inches ;  what  must  be  the  barrers  diameter  («l  which  the 
rope  or  chain  must  coil  ? 

16  X  2  a  32  inches  diameter  described  by  the  handle. 

32  X  11 

And  — jg —  ■■  8'8  inches,  the  barrel's  diameter. 

THB  PULLET. 

The  principle  of  the  pulley,  or,  more  practically,  the  block  and 
tackle,  is  the  distribution  of  weight  on  various  points  of  support ; 
the  mechanical  advantage  derived  depending  entirely  upon  the 
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flexibility  and  tension  of  the  rope,  and  the  number  of  palleya  or 
sheives  in  the  lower  or  rising  block :  hence,  by  blocks  and  tackle  of 
the  usual  kind,  the  power  is  to  the  weight  as  the  number  of  cords 
attached  to  the  lower  block ;  whence  the  following  rules. 

Divide  the  weisht  to  be  raised  by  the  number  of  cordfl  leading 
to^  from^  or  attached  to  the  lower  block;  and  the  quotient  ja  the 
power  required  to  produce  an  equilibrium,  provided  friction  did  not 
exist. 

Divide  the  weight  to  be  raised  by  the  power  to  be  applied ;  the 
quotient  is  the  number  of  sheives  in,  or  cords  attached  to  the  rising 
block. 

Required  the  power  necessary  to  raise  a  weight  of  3000  lbs.  by 
a  four  and  five-sheived  block  and  tackle,  the  four  being  the  mov- 
able or  rising  block. 

Necessarily  there  are  nine  cords  leading  to  and  from  the  rising 

block. 

,    8000       ^„^„       ,  .    , 

Consequently  — g—  «  333  lbs.,  the  power  required. 

I  require  to  raise  a  weight  of  1  ton  18  cwt.,  or  4256  lbs. ;  the 
amount  of  my  power  to  effect  this  object  being  600  lbs.,  what  kind 
of  block  and  tackle  must  I  of  necessity  employ  ? 

4256 

-cQQ~  **»  8'51  cords ;  of  necessity  there  must  be  4  sheives  or  9 

cords  in  the  rising  block. 

As  the  effective  power  of  the  crane  may,  by  additional  wheels 
and  pinions,  be  increased  to  any  required  extent,  so  may  the  pulley 
and  tackle  be  similarly  augmented  by  purchase  upon  purchase. 

THE   INCLINED  PLANE. 

The  inclined  plane  is  properly  the  second  elementary  power,  and 
may  be  defined  the  lifting  of  a  load  by  regular  instalments.  In 
principle  it  consists  of  any  right  line  not  coinciding  with,  but  ly- 
ing in  a  sloping  direction  to,  that  of  the  horizon ;  the  standard  of 
comparison  of  which  commonly  consists  in  referring  the  rise  to  so 
many  parts  in  a  certain  length  or  distance,  as  1  in  100,  1  in  200, 
&c., — the  first  number  representing  the  perpendicular  height,  and 
the  latter  the  horizontal  length  in  attaining  such  height,  both  num- 
bers being  of  the  same  denomination,  unless  otherwise  expressed; 
but  it  may  be  necessary  to  remark,  that  the  inclination  of  a  plane, 
the  sine  of  inclination,  the  height  per  mile,  or  the  height  for  any 
length,  the  ratio,  &c.,  are  all  synonymous  terms. 

The  advantage  gained  by  the  inclined  plane,  when  the  power  acts 
in  a  parallel  direction  to  the  plane,  is  as  the  length  to  the  height 
or  angle  of  inclination :  hence  the  rule.  Divide  the  weight  by  the 
ratio  of  inclination,  and  the  quotient  equal  the  power  that  will  just 
support  that  weight  upon  the  plane.  Or,  multiply  the  weight  by 
the  height  of  the  plane,  and  divide  by  the  length, — the  quotient  is 
the  power. 
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29-16  lbs.  power,  as  before. 


Required  the  power  or  equivalent  weight  capable  of  supporting 
a  load  of  350  lbs.  upon  a  plane  of  1  in  12,  or  8  feet  in  height  and 
36  feet  in  length. 

850       ^^^^,^  860x8 

-j^  =*  29-16  lbs.,  or  — gg — 

The  weight  multiplied  by  the  length  of  the  base,  and  the  product 
divided  by  the  length  of  the  incline,  the  quotient  equal  the  pres- 
sure or  downward  weight  upon  the  incline. 

Table  tihowing  the  Resistance  opposed  to  the  Motion  of  Oarriages 
on  different  Inclinations  of  Ascending  or  Descending  FlaneSy 
whatever  part  of  the  insistent  weight  they  are  drawn  hy. 


I 

100 

200 

800 

400 

500 

600 

700 

800 

900 

10 
20 
80 
40 
60 
60 
70 
80 
90 

•1 

•05 

•0883 

•025 

•02 

■0166 

•0143 

•0125 

•0111 

•01 

•00909 

•00888 

•00769 

•00714 

•00667 

•00625 

•00588 

•00555 

•00526 

•005 

•00476 

•00454 

•00485 

•00417 

•004 

•00885 

•0087 

•00857 

•00345 

•00888 

•00822 

•00312 

•00308 

•00294 

•00286 

•00278 

•0027 

•00268 

•00256 

•0025 

•00244 

•00238 

•00282 

•00227 

•00222 

•00217 

•00218 

•00208 

•00204 

•002 

•00196 

•00192 

•00189 

•00185 

•00182 

•00178 

•00175 

•00172 

•00169 

•00167 
•00164 
•00161 
•00159 
•00156 
•00154 
•00151 
•00149 
•00147 
•00145 

•00148 

•00141 

•00189 

•00187 

•00185 

•00188 

•00181 

•0018 

•00128 

•00126 

•00125 

•00128 

•00122 

•0012 

•00119 

•00118 

•00116 

•00115 

•00114 

•00112 

•OOlll 

•0011 

•00109 

•00107 

•00106 

•00106 

•00104 

•00108 

•00102 

•00101 

Although  this  table  has  been  calculated  particularly  for  car- 
riages on  railway  inclines,  it  may  with  equal  propriety  be  applied 
to  any  other  incline,  the  amount  of  traction  on  a  level  being  known. 

Application  of  the  preceding  Table. 

What  weight  will  a  tractive  power  of  150  lbs.  draw  up  an  incline 
of  1  in  840,  the  resistance  on  the  level  being  estimated  at  ^th 
part  of  the  insistent  weight  7 

In  a  line  with  40  in  the  left-hand  column  and  under  200  is  -00417 
Also  in  the  same  line  and  under  890  is -00294 

Added  together  «  -00711 
150 
Then  .qqy^^  =■  21097  lbs.  weight  drawn  up  the  plane. 

What  weight  would  a  force  of  150  lbs.  draw  down  the  same  plane, 
the  fraction  on  the  level  being  the  same  as  before  ? 
Friction  on  the  level  =»  -00417 
Gravity  of  the  plane  =  -00294  subtract 

«  -00123 
150 
And  .AQioS  *"  121915  lbs.  weight  drawn  down  the  plane. 

Bxample  ofineline  when  velocity  is  taken  into  account. — A  power 
of  280  lbs.,  at  a  velocity  of  75  feet  per  minute,  is  to  be  employed 
for  moving  weights  up  an  inclined  plane  12  feet  in  height  and  168 
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feet  in  length,  the  least  yelocitj  of  the  weight  to  be  8  feet  per 
minute ;  required  the  greatest  weight  that  the  power  is  equal  to. 

230  X  75  X  163       2811750 

-  29288  lbs.,  or  13-25  tons. 


12  X  8 


96 


Table  of  Inclined  Planetj  showing  the  ascent  or  descent  per  yarif 
and  the  corresponding  ascent  or  descent  per  chain^  per  mUe;  a:nd 
also  the  ratio. 


Ptrjud. 

P«r  •liAia. 

PtrinU*. 

Ratio. 

Pn 

ryafd. 

Porehaia. 

ParMilo. 

Bate. 

of  am  in. 

IB  dee-li. 
if  aa  inch. 

iMlMt. 

VMt 

llnek 

Of  Mia. 

Indoolmali 
ofaaiBoh. 

laokoa. 

Fwl. 

liaek 

•0156 

•344 

2-29 

2304 

A 

•4376 

9-625 

6417 

82 

i. 

•0208 

•458 

306 

1728 

* 

•5     . 

11 

73-33 

72 

it 

•0312 

•687 

4-58 

1152 

^U 

•5625 

12-375 

82-5 

64 

S 

•0417 

•917 

611 

864 

if 

•5833 

12-833 

85-56 

62 

^ 

•0625 

1-375 

917 

576 

•6 

13-2 

88 

60 

Jv 

•0833 

1-833 

12-22 

432 

•625 

13-75 

91-67 

58 

iV 

•1 

2-2 

14-67 

360 

\ 

•6667 

14-667 

97-78 

64 

7 

•125 

2-75 

18-33 

288 

H 

•6875 

16125 

100-83 

62 

i 

•1667 

3-667 

24-44 

216 

A 

•7 

15-4 

102-67 

61 

A 

•1875 

4125 

27-50 

192 

f 

-75 

16-5 

110 

48 

t 

•2 

4-4 

29-33 

180 

f 

•8 

17-6 

117-33 

45 

•25 

5-6 

36-67 

144 

H 

•8125 

17-875 

119-17 

44 

A 

•3 

6-6 

44 

120 

t 

•8333 

18-333 

122-22 

43 

A 

•3125 

6-875 

45^83 

115 

•875 

19-25 

128-33 

41 

? 

•3333 

7-333 

48-89 

108 

A 

•9 

19-8 

132 

40 

f 

•375 

8-25 

55 

96 

\i 

•9167 

20-167 

134-44 

39 

{ 

•4 

8-8 

58-67 

20 

H 

•9375 

20-625 

137-5 

38 

A 

•4167 

9^167 

61-11 

86 

1 

1 

22 

146-67 

36 

THE  WEDGE. 

The  wedge  is  a  double  inclined  plane ;  consequently  its  principles 
are  the  same :  hence,  when  two  bodies  are  forced  asunder  by  means 
of  the  wedge  in  a  direction  parallel  to  its  head, — Multiply  the  re- 
sisting power  by  half  the  thickness  of  the  head  or  back  of  the  wedge, 
and  divide  the  product  by  the  leneth  of  one  of  its  inclined  sides ; 
the  quotient  is  the  force  equal  to  the  resistance. 

The  breadth  of  the  back  or  head  of  a  wedge  being  3  inches,  and 
its  inclined  sides  each  10  inches,  required  the  power  necessary  to 
act  upon  the  wedge  so  as  to  separate  two  substances  whose  resist- 
ing force  is  equal  to  150  lbs. 

150  X  1-5       ^^  ,  ,, 
jg -  22-5  lbs. 

When  only  one  of  the  bodies  is  movable,  the  whole  breadth  of 
the  wedge  is  taken  for  the  multiplier. 

THE  SCREW. 

The  screw,  in  principle,  is  that  of  an  inclined  plane  wound  around 
a  cylinder,  which  generates  a  spiral  of  uniform  inclination,  each 
revolution  producing  a  rise  or  trayerse  motion  equal  to  the  pitcH 
of  the  screw,  or  distance  between  two  consecutive  threads, — ^the 
pitch  being  the  height  or  angle  of  in<d]nation,  and  the  circumf er^ice 
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the  length  of  the  plane  when  a  leyer  is  not  applied ;  but  the  lever 
being  a  necessarjy^  qualification  of  the  screw,  the  circle  which  it  de- 
scribes is  taken,  instead  of  the  screw's  circumference,  as  the  length 
of  the  plane :  hence  the  mechanical  advantage  is,  as  the  circum- 
ference of  the  circle  described  by  the  lever  where  the  power  acts, 
is  to  the  pitch  of  the  screw,  so  is  the  force  to  the  resistance  in 
principle. 

Required  the  effective  power  obtained  by  a  screw  of  |  inch  pitch, 
and  moved  by  a  force-  equal  to  50  lbs.  at  the  extremity  of  a  lever 
80  inches  in  length. 

80x2  X  8-1416  x50      ,,,,,,, 
:gyg «  10760  lbs. 

Required  the  power  necessary  to  overcome  a  resistance  equal  to 
7000  lbs.  by  a  screw  of  IJ  inch  pitch,  and  moved  by  a  lever  26 
iiMhes  in  length. 

7000  X  1-26 
26  X  2  X  8-1416  *  ^^'^^  ^^^-  P^^^- 

In  the  case  of  a  screw  acting  on  the  periphery  of  a  toothed  wheel, 
the  power  is  to  the  resistance,  as  the  product  of  the  circle's  circum- 
ference described  by  the  winch  or  lever,  and  radius  of  the  wheel, 
to  the  product  of  the  screw's  pitch,  and  radius  of  the  azle,  or  point 
whence  the  power  is  transmitted ;  but  observe,  that  if  the  screw 
consist  of  more  than  one  helix  or  thread,  the  apparent  pitch  must 
be  increased  so  many  times  as  there  are  threacis  in  the  screw. 
Hence,  to  find  what  weight  a  given  power  will  equipoi9e : 

RuLB. — ^Multiply  together  the  radius  of  the  wneel,  the  length  of 
the  lever  at  which  the  power  acts,  the  magnitude  of  the  power,  and 
the  constant  number  6*2832 ;  divide  the  product  by  the  radius  of 
the  axle  into  the  pitch  of  the  screw,  and  the  quotient  is  the  weight 
that  the  power  is  equal  to. 

What  weight  will  be  sustained  in  eqoilibrio  by  a  power  of  100 
lbs.  acting  at  the  end  of  a  lever  24  incSies  in  length,  the  radius  of 
the  axle,  or  point  whence  the  power  is  transmitted,  being  8  inches, 
the  radius  of  the  wheel  14  inches,  the  screw  consisting  of  a  double 
thread,  and  the  apparent  pitch  equal  f  of  an  inch  ? 

14  X  24  X  100  X  6-2832      ^^^^^  ^^  ,^ 

.625  X  2  X  8 "*  21111-65  lbs.,  or  9-4  tons,  the 

power  sustained. 

If  an  endless  screw  be  turned  by  a  handle  of  20  inches,  the  threads 
of  the  screw  being  distant  half  an  inch;  the  screw  turns  a  toothed 
wheel,  the  pinion  of  which  turns  another  wheel,  and  the  pinion  of 
this  another  wheel,  to  the  barrel  of  which  a  weight  W  is  attached ; 
it  is  required  to  find  the  weight  a  man  will  be  able  to  sustain,  who 
acts  at  the  handle  with  a  force  of  150  lbs.,  the  diameters  of  the 
wheels  being  18  inches,  and  those  of  the  pinions  and  barrel  2  inches. 

160  X  20  X  81416  x  2  x  18*  «  W  x  2»  x  J; 
.-.  W  «  12269  tons. 
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coHrnrvoTTS  cisculak  Monov. 

In  mechanics,  circular  motion  is  transmitted  by  means  of  wheeUj 
druniiy  ox  pulley 9;  and  accordingly  as  the  driving  and  driven  are 
of  equal  or  unequal  diameters,  so  are  equal  or  unequal  velocities 
produced :  hence  the  principle  on  which  the  following  rules  are 
founded. 

Rule. —  When  time  i$  not  taken  into  aeeount. — ^Divide  the  greater 
diameter,  or  number  of  teeth,  by  the  lesser  diameter,  or  number 
of  teeth,  and  the  quotient  is  the  number  of  revolutions  the  lesser 
will  make  for  1  of  the  greater. 

How  many  revolutions  will  a  pinion  of  20  teeth  make  for  1  of  a 
wheel  with  125? 

125  H-  20  =  6-25,  or  6J  revolutions. 

Intermediate  wheels,  of  whatever  diameters,  so  as  to  connect 
communication  at  any  required  distance  apart,  cause  no  yariation 
of  velocity  more  than  otherwise  would  result  were  the  first  and  last 
in  immediate  contact 

Rule. — To  find  the  number  of  revolutions  of  the  lastj  to  1  of  the 
firgti  in  a  train  of  wheels  and  pinions. — Divide  the  product  of  all 
the  teeth  in  the  driving,  by  tne  product  of  all  the  teeth  in  the 
driven,  and  the  quotient  equal  the  ratio  of  velocity  required. 

Required  the  ratio  of  velocity  of  the  last,  to  1  of  the  first,  in  the 
following  train  of  wheels  and  pinions ;  viz.,  pinions  driving^ — the 
first  of  which  contains  10  teeth,  the  second  15,  and  third  18 ; — 
wheels  driven, — first  15  teeth,  second  25,  and  third  82. 

10  X  15  X  18 

15  X  25  X  82  ""  '^^^  ^^  *  revolution  the  wheel  will  make  to  1 

of  the  pinion. 

A  wheel  of  42  teeth  giving  motion  to  one  of  12,  on  which  shaft 
is  a  pulley  of  21  inches  diameter,  driving  one  of  6 ;  required  the 
number  of  revolutions  of  the  last  pulley  to  1  of  the  first  wheel. 

42  X  21 
22  X  6  **  12-25,  or  12J  revolutions. 

^  Where  increase  or  decrease  of  velocity  is  required  to  be  commu- 
nicated by  wheel-work,  it  has  been  demonstrated  that  the  number ' 
of  teeth  on  each  pinion  should  not  be  less  than  1  to  6  of  its  wheel, 
unless  there  be  some  other  important  reason  for  a  higher  ratio. 

Rule. —  When  time  must  be  regarded, — Multiply  the  diameter, 
or  number  of  teeth  in  the  driver,  oy  its  velocity  in  any  given  time, 
and  divide  the  product  by  the  required  velocity  of  the  £iven ;  the 
quotient  equal  the  number  of  teeth,  or  diameter  of  the  driven,  to 
produce  the  velocity  required. 

K  a  wheel  containing  84  teeth  makes  20  revolutions  per  minute, 
how  many  must  another  contain  to  work  in  contact,  and  make  60 
revolutions  in  the  same  time  ? 
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— QQ —  «  28  teeth. 

From  a  shaft  making  45  revolutions  per  minute,  and  with  a  pinion 

9  inches  diameter  at  the  pitch  line,  I  wish  to  transmit  motion  at  15 

reyolutions  per  minute ;  what  at  the  pitch  line  most  be  tjie*  diameter 

of  the  wheel? 

45  X  9      ^^  .    ^ 
— jg —  =■  2T  inches. 

Required  the  diameter  of  a  pulley  to  make  16  reyolations  in  the 
flame  time  as  one  of  24  inches  making  86. 

— jg —  ■*  64  inches. 

TSivLB.^^The  diitanee  between  the  centres  and  veloeitiee  of  two 
wheeU  being  given^  to  find  their,  proper  diameters. — Divide  the 
greatest  velocity  by  the  least;  the  quotient  is  the  ratio  of  diameter 
the  wheels  must  bear  to  each  other.  Hence,  divide  the  distance 
between  the  centres  by  the  ratio  plus  1 ;  the  quotient  equal  the 
radius  of  the  smaller  wheel ;  and  subtract  the  radius  thus  obtained 
from  'the  distance  between  the  centres ;  the  remainder  equal  the 
radius  of  the  other. 

The  distance  of  two  shafts  from  centre  to  centre  is  50  inches, 
and  the  velocity  of  the  one  25  revolutions  per  minute,  the  other  is 
to  make  80  in  the  same  time ;  the  proper  diameters  of  the  wheels 
a4;  the  pitch  lines  are  required. 

50 

80  -i-  25  =*  8*2,  ratio  of  velocity,  and  o.o  i  i  ~  11'9>  t^®  ra- 
dius of  the  smaller  wheel ;  then  50  —  11*9  »  38*1,  radius  of  larger ; 
dieir  diameters  are  11*9  x  2  »  23*8,  and  381  X  2  «  76-2  indies. 

To  obtain  or  diminish  an  accumulated  velocity  by  means  of 
wheels  and  pinions,  or  wheels,  pmions,  and  pulleys,  it  is  necessary 
that  a  proportion^  ratio  of  velocity  should  exist,  and  which  is 
sumply  thus  attained : — ^Multiply  the  given  and  required  yelocities 
together,  and  the  square  root  of  the  product  is  the  mean  or  propor- 
tiooate  velocity. 

Let  the  given  velodty  of  a  wheel  containing  54  teeth  equal  16 

revolutions  per  minute,  and  the  given  diameter  of  an  intermediate 

*  pulley  equal  25  inches,  to  obtain  a  velocity  of  81  revolutions  in  a 

machine ;  required  the  number  of  teeth  in  the  intermediate  wheel, 

and  diameter  of  the  last  pulley. 

\/81  X  16  =■  86  mean  velocity. 

64  X  16      ^      '  ;       ,  25  X  86      ,^ 

— gg —  =»  24  teeth,  and  — gj —  =  llu  inches,  diameter  of 

pulley. 

To  determine  the  proportion  of  wheels  for  screw  cutting  by  a 
lathe. — In  a  lathe  properly  adapted,  screws  to  any  degree  of  pitch, 

or  number  of  threads  in  a  given  length,  may  be  cut  by  means  of  a 

28 
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leading  screw  of  any  given  pitch,  accompanied  with  change  wheels 
and  pinions ;  course  pitches  being  effected  generally  by  means  of 
one  wheel  and  one  pinion  with  a  carrier^  or  intermediate  toheel, 
which  cause  no  variation  or  change  of  motion  to  take  place :  hence 
the  following 

Rule. — Divide  the  number  of  threads  in  a  given  length  of  the 
screw  which  is  to  be  cut,  by  the  number  of  threads  in  the  same 
length  of  the  leading  screw  attached  to  the  lathe ;  and  the  quotient 
is  the  ratio  that  the  wheel  on  the  end  of  the  screw  must  bear  to 
that  on  the  end  of  the  lathe  spindle. 

Let  it  be  required  to  cut  a  screw  with  5  threads  in  an  inch,  the 
leading  screw  being  of  ^  inch  pitch,  or  containing  2  threads  in  an 
inch ;  what  must  be  the  ratio  of  wheels  applied  ? 

5  -«-  2  »  2*5,  the  ratio  they  must  bear  to  each  other. 

Then  suppose  a  pinion  of  40  teeth  be  fixed  upon  for  the  spindle, — 

40  X  2-5  =  100  teeth  for  the  wheel  on  the  end  of  the  screw. 

But  screws  of  a  greater  degree  of  fineness  than  about  8  threads 
in  an  inch  are  more  conveniently  cut  by  -an  additional  wheel  and 
pinion,  because  of  the  proper  degree  of  velocity  being  more  effec- 
tively attained ;  and  these,  on  account  of  revolving  upon  a  stud, 
are  commonly  designated  the  itud-wheelsy  or  itudrwheel  Kni pinion; 
but  the  mode  of  calculation  and  ratio  of  screw  are  the  same  as  in 
the  preceding  rule ; — hence,  all  that  is  further  necessary  is  to  fix 
upon  any  8  wheels  at  pleasure,  as  those  for  the  spindle  and  stud- 
wheels, — then  multiply  the  number  of  teeth  in  the  spindle-wheel 
by  the  ratio  of  the  screw,  and  by  the  number  of  teeth  in  that  wheel 
or  pinion  which  is  in  contact  with  the  wheel  on  the  end  of  the  screw; 
divide  the  product  by  the  stud-wheel  in  contact  with  the  spindle- 
wheel,  and  the  quotient  is  the  number  of  teeth  required  in  the  wheel 
on  the  end  of  the  leading  screw. 

Suppose  a  screw  is  required  to*  be  cut  containing  25  threads  in 
an  inch,  the  leading  screw  as  before  having  2  threads  in  an  inch, 
and  that  a  wheel  of  60  teeth  is  fixed  upon  for  the  end  of  the  spin- 
dle, 20  for  the  pinion  in  contact  with  tne  screw-wheel,  and  100  for 
that  in  contact  with  the  wheel  on  the  end  of  the  spindle ; — ^required 
the  number  of  teeth  in  the  wheel  for  the  end  of  the  leading 
screw. 

.^.          60x12-5x20 
26  -i-  2  =  12-5,  and ^ «  150  teeth. 

Or,  suppose  the  spindle  and  screw-wheels  to  be  those  fixed  upon, 
also  any  one  of  the  stud- wheels,  to  find  the  number  of  t^th  in  the 
other. 

60  X  12-5       ^^       ^        60  X  12-5  x  20       ,^^ 

150  X  100  "  20  teeth,  or jgg «  100  teeth. 
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Tablb  b/  Change  Wheels  for  Screw  Cutting^  the  leading  screw 
being  of  ^  inch  pitchy  or  containing  two  threads  in  an  inch. 
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Tabls  by  which  to  determine  the  Number  of  Teethy  or  Pitch  of 

Small  Wheels. 


Diametnl 

Circolar 

DlAinctnl 

Cironlar 

pitch. 

pitch. 

pitch. 

pitch. 

8 

1047 

9 

•349 

4 

•785 

10 

•314 

5 

•628 

12 

•262 

6 

•524 

14 

•224 

7 

•449 

16 

•196 

8 

•893 

20 

•157 

Required  the  number  of  teeth  that  a  wheel  of  16  inches  diameter 
will  contain  of  a  10  pitch. 

16  X  10  =  160  teeth,  and  the  circular  pitch  =  '314  inch. 

What  must  be  the  diameter  of  a  wheel  for  a  9  pitch  of  126  teeth  7 

126 

-Q-  =  14  inches  diameter,  circular  pitch  '349  inch. 

The  pitch  is  reckoned  on  the  diameter  of  the  wheel  instead  of 
the  circumference,  and  designated  wheels  of  8  pitchy  12  pitch,  &c. 
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Table  of  the  Diameten  of  Wheels  at  their  pitch  ctrele,  to  eontafn 
a  required  number  of  teeth  at  a  given  pitch. 


rrrcH  or  tuk  tekth  ik  urcass. 


Ill  lip.  I    U   I   U    I   II   I   U    I   11   I    H    I    II   |2iD.|   2k   \    2i    \2^    \2l   \Z'X 


DIAMBTBft  AT  THS  TVKM  CIBCUC   IS  FSBT  AJfD  IKOBSa. 


n 


10  10  s^'o 

11  lO    3^0 

12  lo    31  0 
13 'O    4i'0 

0  4i|0 
0  4|0 
6A|0 
6i0 
&|0 
6    O 

«i'o 

61  O 
O 
0 


7 

71 
0    7|0 
0    8    0 
0    8iO 
0    8i0 
0    V 
0    9i 
0    9i 
0    9i 
OlOi 
OlUi 

0  1l>| 
Olli 
Olli 

oiU 

1  Oi 

1  on 

1  Hi 

1  1 

1  n 

1  u 

2 


7a 


I 

1  22 
1  2§ 
1  21 
1  3i 
1  3i 
1  3a 
I  4i 
1  4i 
I  43 
I  64 
1  5i 
1  63 
I  H 
1  6i 
I  6i 
1    74 


I  74 
71 
8 


1    81 
1    86 
1    9 
1    9i 
1    91 


(19  1    912 


11012 


31 

4 

41 

4i 

6 

61 

hi 
64 
64 
61 

74 
74 

n 

8i 

8i 

9 
9i 
9g 
10 

103 

10^ 

114 
114 

m 

04 

oi 

1 

li 

u 

2 

28 

2i 

3 

34 

44 
44 
4A 

5ill 


74 

8 

8i 

940 

0  940 

0  10  0 
0  10||0 
0  lOj  0 

0  114 1 

0  llg  1 

0    1 

os'i 


4  0 
410 
4^0 
5410 
540 
6  0 
6|0 
6i|0 
740 


6 
64 
6g 
6^ 

n 
n 

84 

84 

8} 

94 

91 

91 

104 

104 

10« 

JU 

HI 

0 

03 


Oi 
14 

n 
2 

2fi 
2i 
34 
34 

4 

4i 

4i 

64 

6& 

6 

6911 

6i;l 

74|1 

741 

8    I 

Hall 
I 
I 


64  0 
6J0 
«|0 
6i0 
7110 


61  0 
64  0 
6i0 
7iO 


94*0 
940 
0 
0 

1 
1 
1 
1 
1 
1 
1 


1  8} 
1  94 
1    9i 

I  n 
1 104 

I  106 
1  II 
1 114 
llU 
04 


01 '2 
1  12 


38 

31 

44 

41 

6 

64 

6 

6i 

62 

74 

7i 

84 

81 

9 

9i 

n 

lOiJ 
lOi 

114 
llfi 

0 

04 

0^ 
IK 

n 
24 

2i 

34 
34 

4 

44 

4^ 

64 

6J 

•4 

6||2 


10 
101 
11 
114 
0 

04 
1 

14 
ll 

2|1 

2i!i 

311 
3J1 
441 

4i;i 

641 
611 
«41 

«l> 
71 1 

7i;i 

8  1 
8|'l 

9  II 
941 

10  II 
1042 
11 
114 

0 

Oi 

01 

14 

u 

24 

2* 

34 

31 

44 

41 

64 

68 

6 

64 

7 

71 

8 

84 

8i 

9||d 


74 
84 
9 

91 
0  10 

0  108 
0  114 

0  UJ 

og|i 
ogi 


64 

64 

7 

74 

8 

81 

94 

n 

1108 
1  104 

1  114 

2  0 


4411 

44;i 

68'l 

1 
1 
1 
1 
1 
1 
1 


04 

1 
18 

n 

2J 
38 

44 

48 

68 

6 

68 

74 

n 

84 
H 
H 
2  10 
2104 
2  11 
2  118 
04 


6 

68 

74 

78 

84 

9 

98 
104 
lOi 
111 

0 

04 

14 

n 

28 

21 

84 

44 

48 

61 

6 

64 

74 

n 

H 

9 

94 
10 
101 
118 
Hi 

04 

1 
18 

24 
2i2  A 
342  . 
4  2  N 
482  f- 
64  2  ^ 
6i'2  •: 
64,2  1 
742  ! 
78'2  '. 
8412  It 
88]21l 
98'2H 
10  3  I 
108*3    I 


0  : 

0  )r 
0   1 

0  ! 
OH 
OH 
OIJ 

1  ( 
1  i 
1    1 

I  : 
1  L 
1  : 
1  : 
ll 
I 

1  . 
I  r 
1 
1 
1 
1  t 

1  I 
111 
lit 
1 1 

2  < 


.  0 

!) 

ll 
i   1 

1;  1 
^    I 

:    1 
.  1 

■•s  I 

^^  i 

-'i  I 

.  I 

t 

t 

I 

--  I 

'■■•\ 

I 
\ 

\ 
\ 

\ 

5 


6|0  740 

740  710 

840  810 

88'0  9|0 


114 
HJ 

01 

1 

18 

24 

21 

31 

4 

41 

64  3 

61,3 


H 


0  10    0 

0  101  1 

011411 
041 

Oi 

11 

21 

3 

SI 

44 

64 

6 

68 

78 

8 

81 

94 

1  104 

1  11 
1118 

08 

1 

2 

24 

34 

4 

48 

68 

6 

6J 

74 

84 

9 

98 

2  108 
2  11 
2  HI 


043 

U 

2 


8    0    8i'0    98 

81  0    910  101 

98  0  101  0  114 

101  0  lU  1    ^4 

114  1    Oil 

141 

2  11 

2i'l 

311 

481 

641 

611 

741 

8  I  10 

9  ll  108 
981111 

08 


0  |1 
0||1 

141 

211 
341 

4|ll 
64jl 
Cgl 
741 
8    1 

81  1  10|'2 
94  1  HI  2 
1042    0^2 


14 
21 
31 

44 
64 
64 

74 

84 
9 


1U!2 

0    2 

01 '2 

U2 

2ii2 

3  |2 
3i'2 
482 
642 
64  2 


112 

242 

3*2 

4    2 

412 

6|2 

682 

742101 

83  2  HI 

943  04 
7  121043  U 
78,2  lOf  3  24 
88 2  11? 3 
983    0J3 

1|'3 

2^3 

383 

443 

643 

6  ,3 

68  3  101 

713  111 

884    01 

9414 


104  3 

11  ;3 
Hfi3 
0§3 
143 
2413 
3  \Z 
3|3 
443 
68|3 


34 
41 

6 

6 

7 

78 

88 

98 


34 

44 

48 

64 
«4 
7 
71 4 


84 

98 

98 

3104 


813  111 


643  1044 

7  i3  11  i4 
7114    04i4 


844 
104'4 

114*4 

11114 
11 


28  4 
3  4 
3^4 
44 


1  14 
18(4 
2||4 

3||4 

44;4  ,^ 

68(4  m 
«4|4  1U 

74j6    04 
8    5 
8816 
9116 


6|!4  108  6 
6||4  114  6 
7  Is    68  6 
llf|4   ti|4    7||5    US 
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^ 

p 

rrrcH  or  tbb  tkcth  in  lnchis.                                                   ( 

lin. 

1ft 

u 

If       1ft 

1ft    1    1ft 

1ft    (2ia.|    2ft    1    2i    1  2ft   1   21   1  3  in. 

DIAMSTBR  AT  THB  riTCH  OIBCUB  IH  riCT  AJID  IN0HS8. 

71  1  lOj 

2    Ift 

2    4i 

2    7 

2    Oft 

3    Oft 

3    3ft3    6g 

3    Oft 

4    tl 

4    21 

4    8d 

5    2ft 

5    7ft 

72  1  lOi 

2    li 

2    4ft 

2    7ft 

2  10ft 

3    1ft 

3    4ft  3    61 

3    9ft 

4    l>^ 

4    84 

4    Oft 

5    8 

5    82 

73  1  m 

2    2ft  2    5 

2    8 

2  10i 

3    1ft 

3    4ft3    7i 

3  10ft 

4    1- 

^    4ft 

4  10 

5    8ft 

5    Oft 

74  1  lU 

2    2/1^    5ft 

2    81 

2  11ft 

3    2ft 

3    5ft  3    7ft 

3  11ft 

4    2 

4    5 

4  101 

6    4ft 

5  10ft 

75  1  111 

2    1'.  2    5ft 

2    8ft 

2  11ft 

3    2ft 

3    5ft  3    8ft 

3  11ft 

4    2-/ 

4    5ft 

4  11ft 

5    5ft 

5  11ft 

76  2    Ok 

2       ;  ::    61 

2    9ft 

3    Oft 

3    3i 

3    6g3    9i 

4    Oft 

4  ;^ 

4    6ft 

5    Oh 

5    64 

6    Oft 

77  2    Oi 

2              6ft 

2    9^ 

3    05 

3    3ft 

3    618    Oft 

4    1 

4  4" 

4    7A 

5    li 

5    78 

6    1ft 

78  2    01 

2:7 

2  10ft 

3    14 

3    4« 

3    74  3  10i 

4    1&4    -1, 

4    7i 

5    2 

5    8ft 

6    24 

79  2    U 

2    4    -    7i 

2  10i 

3    11 

3    4ft 

3    8 

3  lift 

4    2ft'4    ;. 

i    8i 

5    25 

5    9i 

6    34 

J      80  2    U 

2    -i:  -    n 

2  11 

3    2i 

3    5^ 

3    H 

3  lift 

4    3 

4    H 

A    9ft 

5    3ft 

5  10 

6    41 

!      812    1^ 

2    :.    2    8i 

2  11ft 

3    2g 

3    6ft 

3   H 

4    Oi 

4    3i 

4   H 

4  10 

5    4i 

5  10ft 

6    5ft 

82  2    2i 

2    .-.  i  i    8ft 

2  11ft 

3    3ft 

3    6^ 

3    Oft 

4    Oft 

4    41 

4    7* 

4  101 

5    5ft 

5  11ft 

6    68 

83  2    2i 

2    .:■;  1.^    9 

3    Og 

3    3ft 

3    6ft 

3  10*14    1ft 

4   H 

4    H 

4  114 

5    6 

6    Oft 

»    7ft 

84  2    2S 

2    .i    2    9§ 

3    Oi 

3    4 

3    7i 

3  lU;    i     2ft 

4    64 

4    8^ 

5    Oh 

5    6ft 

6    14 

6    8ft 

85  2    3 

2    r:    2    9i 

3    U 

3    4i 

3    7ft 

3  ]  1  :   i    2ft 

4   H 

4  n 

0    Oft 

5    7ft 

6    21 

6    Oft 

86  2    3g 

2    (;,  2  10i 

3    1ft 

3    6ft 

3    8ft 

3  J  u,  i    3ft 

4  n 

4  10^ 

5    1ft 

5    84 

6    3i 

6  104 

87  2    81 

2    r.  2  101 

3    2 

3    5ft 

3    9 

4    u.  t    3ft 

4   7,4 

4  1U^ 

3    2i 

5    Oft 

6    4ft 

6  11 

88  2    4 

2    V .  2  11 

3    2ft 

3    6 

3    Oft 

4    1     i    4ft 

4   8 

+  ]li 

^    8 

5  10 

6    5 

7    0 

89  2    4i 

2    7.  2  lift 

3    2i 

3    6ft 

3  10 

4    I,  I    5ft 

4    8ft 

5    Ui 

5    3ft 

5  10ft 

6    5ft 

7    1 

90  2    4ft 

2    ^;  2  1U 

3    3ft 

3    7 

3  10i 

4    -i    5ft 

4  n 

5  H 

5    4ft 

5  11ft 

6    Gft 

7    2 

912    4i 

2    ^    ;i    Oft 

3    3ft 

3    7ft 

3  11 

4  :■.  1   6i 

4  n 

5    14 

6    5ft 

6    Oft 

6    7ft 

7    21 

92  2    5i 

2    >;.  3    Oft 

3    4ft 

3    7ft 

3  lift 

4    :;;   t    7 

i\n 

5    2i 

5    5g 

6    1 

6    84 

7    3ft 

93  2    5ft 

2    ■;•!  J    1 

3    ii 

3    8i 

4    Oft 

4   :..  I   7ft 

4  1U6    ^ 

^    68 

6    2 

6    Oft 

7    4ft 

94  2    5i 

2    >.    a    li 

3    5ft 

3    8ft 

4    Oft 

4     ;-  i    8ft 

4  Hi  5    3i 

6    7b 

6    21 

6  10ft 

7    5ft 

95  2    6i 

2  I't    3    a 

3    5ft 

3    H 

4    1ft 

4    -1.  i    8ft 

5    0^5    4ft 

3    8 

6    34 

6  11ft 

7    6J 

96  2    6i 

2  ]u.3    2ft 

3    6 

3    9} 

4    1ft 

4  5^  i  n 

5    lU    5 

5    8ft 

6    4ft 

7    0 

7    7ft 

97  2    6i 

2]^N,3    28 

3    6ft 

3  10ft 

4    2ft 

4    e    410 

5  lit.  :.* 

0   94 

6    5ft 

7    Oft 

7    8ft 

98  2    7ft 

2  U   '3    3 

3    6ft 

3  10|!4    2ft 

4    fi:4  10ft 

5    2|5    6| 

5  10ft 

6    6 

7    1ft 

7    94 

99  2    7ft 

2  1U3    31 

3    7ft 

3  lift  4    3i 

4    7'  4  11 

5    3  |5    7 

oil 

6    6ft 

7    2ft 

7  104 

100  2    7ft 

2  iu;3  3i 

3    H 

3  1114    3ft 

4    7t  4  11ft 

5    3ft 5    7^ 

0  lift 

6    74 

7    3ft 

7  114 

1012    8ft 

3    1?^  .-J    4ft 

3    8ft 

4    Oft  4    4ft 

4    ^^3    Oft 

5   4i5    M 

6    Oft 

6    8ft 

7    4ft 

8    04 

1022    8ft 

3    Oi.J    4ft 

3    8ft 

4    Oft  4    4ft 

4    i^^j    1 

5    5  |5    !^ 

tt    1 

6    Oft 

7    5ft 

8    If 

Table  of  the  Strength  of  the  Teeth  of  Cast  Iron  Wheels  at  a 
given  velocity. 


Pfteh 

ThioknMt 

Bnadth 

strength  of  tooth  in  hono  power,  at                          | 

of  teeth 

of  taath 

of  toeth 

SftMtper 

4  feet  per 

6  feet  per 

8  fleet  per 
Moond. 

in  iDehea. 

iiiia«hM. 

iniDohM. 

woon'^ 

seoond. 

8-99 

1-9 

7-6 

20-67 

27-48 

41-14 

64-86 

8-78 

1-8 

7-2 

17-49 

28-82 

84-98 

46-64 

8-67 

1-7 

6-8 

14-73 

19-65 

29-46 

89-28 

8-86 

1-6 

6-4 

12-28 

16-88 

24-66 

82-74 

816 

1-6 

6 

1012 

18-60 

20-24 

26-98 

2-94 

1-4 

6-6 

8-22 

10-97 

16-44 

21-92 

2-78 

1-8 

6-2 

6-68 

8-78 

18-16 

17-64 

2-62 

1-2 

4-8 

6-18 

6-91 

10-36 

18-81 

2-81 

M 

4.4 

8-99 

6-82 

7-98 

10-64 

21 

10 

4 

8-00 

4-00 

6-00 

800 

1-89 

•9 

8-6 

2-18 

2-91 

4-86 

5-81 

1-68 

•8 

8-2 

1-53 

2-04 

3  06 

8  08 

1-47 

•7 

2-8 

1027 

1-87 

2-04 

2-72 

1-26 

•6 

2-4 

•64 

•86 

1-88 

1-84 

106 

•6 

2 

-876 

•60 

-76 

1-00 
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ADSmOHAL  EXAMPLES  OH  THE  VELOCITT  OF  WHEELS, 
DEUMS,  PULLETS,  ETC. 

If  a  wheel  that  contains  75  teeth  makes  16  revolations  per 
minute,  reqaired  the  number  of  teeth  in  another  to  work  in  it,  and 
make  24  revolutions  in  the  same  time. 

75  X  16       ^^       , 
— 24 —  ™  50  teeth. 

A  wheel,  64  inches  diameter,  and  making  42  revolutions  per 

minute,  is  to  give  motion  to  a  shaft  at  the  rate  of  77  revolutions 

in  the  same  time :  required  the  diameter  of  a  wheel  suitable  for 

that  purpose. 

64  X  42       „,  ^  .    , 
— r^^ —  =  34 '9  mches. 

Required  the  number  of  revolutions  per  minute  made  bj  a  wheel 
or  pulley  20  inches  'diameter,  when  driven  by  another  of  4  feet  di- 
ameter, and  making  46  revolutions  per  minute. 

48  X  46       ,,^  , 

— 20 —  ™  110'4  revolutions. 

A  shaft,  at  the  rate  of  22  revolutions  per  minute,  is  to  give  mo- 
tion, by  a  pair  of  wheels,  to  another  shaft  at  the  rate  of  15^ ;  the 
distance  of  the  shafts  from  centre  to  centre  is  45|  inches ;  the  di- 
ameters of  the  wheels  at  the  pitch  lines  are  required. 

45-5  X  15-6 
22    4-  lS-5  ^  18-81  radius  of  the  driving  wheel. 

45-5  X    22 
And  "22   -f  15^  **  26-69  radius  of  the  driven  wheel. 

Suppose  a  drum  to  make  20  revolutions  per  minute,  required  the 
diameter  of  another  to  make  58  revolutions  in  the  same  time. 

58  -s-  20  =  2-9,  that  is,  their  diameters  must  be  as  2-9  to  1 ; 
thus,  if  the  one  making  20  revolutions  be  called  80  inches,  the 
other  will  be  30  -s-  2-9  =  10345  inches  diameter. 

Required  the  diameter  of  a  pulley,  to  make  12^  revolutions  in 
the  same  time  as  one  of  32  inches  making  26. 

32  X  26 

— -yn.r     =*  66*56  inches  diameter. 

A  shaft,  at  the  rate  of  16  revolutions  per  minute,  is  to  give  mo- 
tion to  a  piece  of  machinery  at  the  rate  of  81  revolutions  in  the 
same  time ;  the  motion  is  to  be  communicated  by  means  of  two 
wheels  and  two  pulleys  with  an  intermediate  shaft;  the  driving 
wheel  contains  54  feet,  and  the  driving  pulley  is  25  inches  diameter; 
required  the  number  of  teeth  in  the  other  wheel,  and  the  diameter 
of  the  other  pulley. 
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v/81  X  16  =  36,  the  mean  velocity  between  16  and  81 ;  then, 

16  X  54       ^,        ^        ^  86  X  25       -.  ^,  .    ,        ,.       ^       - 
— gg — •  =  24  teeth ;  and  — gj —  =»  11*11  inches,  diameter  of 

pulley. 

Suppose  in  the  last  example  the  revolutions  of  one  of  the  wheels 
to  be  given,  the  number  of  teeth  in  both,  and  likewise  the  diameter 
of  each  pulley,  to  find  the  revolutions  of  the  last  pulley. 

16  X  54 

=  86,  velocity  of  the  intermediate  shaft ; 


24 

and  - 


X  25 


11-11 


a  81,  the  velocity  of  the  machine. 


Table  for  finding  the  radios  of  a  wheel  when  the  pitch  is  given^  or 
the  pitch  of  a  wheel  when  the  radius  ie  given,  that  shall  contain 
from  10  to  150  teeph^  and  any  pitch  required. 


Nvmber 
ofTMth. 

BmUu. 

Nnmber 
<»fTe«th. 

lUdiu. 

Namber 
ofT«eth. 

lUdina. 

Number 
of  Teeth. 

Badiu. 

10 

1-618 

46 

7-827 

81 

12-895 

116 

18-464 

11 

1-774 

47 

7-488 

82 

13064 

117 

18-623 

12 

1-982 

48 

7-645 

83 

13-213 

118 

18-782 

18 

2089 

49 

7-804 

84 

13-370 

119 

18-941 

14 

2-247 

50 

7-963 

85 

13-531 

120 

19-101 

15 

2-405 

51 

8-122 

86 

18-690 

121 

19-260 

16 

2-668 

52 

8-281 

87 

13-849 

122 

19-419 

17 

2-721 

58 

8-440 

88 

14008 

128 

19-678 

18 

2-879 

54 

8-699 

89 

14-168 

124 

19-737 

19 

8-088 

56 

8-758 

90 

14-827 

125 

19-896 

20 

8-196 

66 

8-917 

91 

14-486 

126 

20-055 

21 

8-866 

57 

9-076 

92 

14-645 

127 

20-214 

22 

8-518 

58 

9-235 

93 

14-804 

128 

20-874 

28 

8-672 

59 

9-394 

94 

14-963 

129 

20-588 

24 

8-830 

60 

9-668 

95 

16-122 

130 

20-692 

25 

3-989 

61 

9-712 

96 

15-281 

131 

20-851 

26 

4-148 

62 

9-872 

97 

16-440 

132 

21-010 

27 

4-807 

63 

10-031 

98 

15-600 

138 

21-169 

28 

4-465 

64 

10-190 

99 

15-759 

184 

21-828 

29 

4-624 

66 

10-349 

100 

15-918 

135 

21-488 

80 

4-788 

66 

10-608 

101 

16-077 

136 

21-647 

81 

4-942 

67 

10-667 

102 

16-236 

137 

21-806 

82 

5-101 

68 

10-826 

108 

16-895 

188 

21-965 

88 

5-260 

69 

10-985 

104 

16-564 

189 

22-124 

84 

5-419 

70 

11144 

105 

16-713 

140 

22-288 

85 

5-578 

71 

11-303 

106 

16-873 

141 

22-442 

86 

5-737 

72 

11-468 

107 

17-082 

142 

22-602 

87 

5-896 

73 

11-622 

108 

17-191 

143 

22-761 

88 

6-055 

74 

11-781 

109 

17-860 

144 

22-920 

89 

6-214 

76 

11-940 

110 

17-509 

145 

23-079 

40 

6-878 

76 

12099 

111 

17-668 

146 

28-288 

41 

6-582 

77 

]  2-258 

112 

17-827 

147 

23-897 

42 

6-691 

78 

12-417 

118 

17-987 

148 

23-556 

43 

6-860 

79 

12-576 

114 

18146 

149 

23-716 

44 

7-009 

80 

12-735 

115 

18-806 

160 

23-875 

45 

7-168 

RuLB. — Multiply  the  radius  in  the  table  by  the  pitch  given,  and 
the  product  will  be  the  radius  of  the  wheel  required. 
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Or,  di?ide  the  radios  of  the  wheel  by  the  rmdiiis  in  the  tmble, 
and  the  quotient  will  be  the  pitch  of  the  wheel  required. 

Required  the  radiUB  of  a  wheel  to  contain  64  teeth,  of  3  indi 
pitch. 

10-19  X  3  »  30-57  inches. 

What  is  the  pitch  of  a  wheel  to  contain  80  teeth,  when  the  radiia 
is  25-47  inches  ? 

25-47  H-  12-735  =  2  inch  pitch. 

Or,  set  oif  upon  a  straight  line  AB  seyen  times  the  pitch  AG 
given ;  divide  that,  or  another  exactly  the  same  length,  into  eleven 
equal  parts ;  call  each  of  those  divisions  four,  or  each  of  those  di- 
visions will  be  equal  to  four  teeth  upon  the  radius.  If  a  circle  be 
made  with  any  number  (20)  of  these  equal  parts  as  radios,  AG  the 
pitch  will  go  that  number  (20)  of  times  round  the  circle. 


Were  it  required  to  find  the  diameter  of  a  wheel  to  contain  17 
teeth,  the  construction  would  be  as  follows : — 


1    c 


I  .        I.I.        I.I       .    1: 


nr 


TTT 


TTT 


TTT 


TTT 


10  11 


TTT 


TTT 


TTT 


TTT 


TT 


V 


r 


12 


32         36 


Thus,  4  divisions  and  |  of  another  equal  the  radius  of  the  wheel, 
that  is  a^  ij  »  a&,  and  A,  C^  «  AC. 


TXLOOITY  OV  WHBBL6,  WSO. 


441 


Regular  approved  proportions  for  wheeb  with  flat  arms  in  the 
middle  of  the  ring^  and  ribs  or  feathers  on  each  side, — ^The  length 
of  the  teeth  »  |  the  pitch,  besides  clearance,  or  f  the  jntch,  clear- 
ance included. 

Thickness  of  the  teeth |  the  pitch. 

Breadth  on  the  face. 2)       — « 

Edge  of  the  rim |       — 

Rib  projecting  inside  the  rim |       — 

Thickness  of  the  fiat  arms |       — 

Breadth  of  the  arms  at  the  points  »  2  teeth  and  ^  the  pitch, 
getting  broader  towards  the  centre  of  the  wheel  in  the  proportion 
of  ^  inch  to  eyery  foot  in  lengtL 

Thickness  of  the  ribs,  or  feathers,  ^  the  pitch. 
Thickness  of  metal  round  the  eye,  or  centre,  {  the  pitch. 
Wheels  made  with  plain  arms,  the  teeth  are  in  the  same  propor- 
tion as  above  ;  the  ring  and  the  arms  are  each  equal  to  one  cog  or 
tooth  in  thickness,  and  the  metal  round  the  eye  same  as  aboye,  in 
feathered  wheels. 

These  proportions  differ,  though  slightly,  in  different  works  and 
in  different  localities ;  but  they  are  the  most  commonly  employed, 
and  are  besides  the  most  consistent  with  good  and  accurate  work- 
manship.  For  the  «»  f v  — / 

Bake  of  more  easy 
reference,  we  col- 
lect them  into  a^' 
table,  which  the 
annexed  diagram 
will  serve  fully  to 
explain.  They 
stand  thus : — 

a  6  s  Pitch  of  teeth 
9n  »  »  Depth  to  pitch  line,  PP, 
ns  +  nm  ^  Working  depth  of  tooth,  =»  ^ 
C  6  —  w  «  =  Bottom  clearance,  =  ^ 

/A  —  Whole  depth  to  root,        —  ^ 
pq  ^  Thickness  of  tooth,  «=  ^ 

rp  =  Width  of  space,  »  ^ 

The  use  of  the  following  table  is  very  evident,  and  the  manner 
of  applying  it  may  be  rendered  still  more  obvious  by  the  following 
examples : — 

H  =  8-1416. 

1.  Given  a  wheel  of  88  teeth,  2}  inch  pitch,  to  find  the  diameter 
of  the  pitch  circle.  Here  the  tabular  number  in  the  second  column 
answering  to  the  given  pitch  is  "7958,  which  multiplied  by  88  gives 
70*03  for  the  diameter  required. 

2.  Given  a  wheel  of  5  feet  (60  inches)  diameter,  2f  inch  pitch, 
to  find  the  number  of  teeth.     Here  the  factor  in  the  third  column 
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correspondinff  to  the  giyen  pitch  is 
1'1338,  which  multiplied  bj  60  gives 
68  for  the  number  of  teeth. 

It  may,  howeyer,  so  happen  that  the 
answer  found  in  this  manner  contains  a 
fraction — which  being  inadmissible  by 
the  nature  of  the  question,  it  becomes 
necessary  to  alter  sli^tly  the  diameter 
of  the  pitch  circle.  This  is  readily  ac- 
complished by  taking  the  nearest  whole 
number  to  the  answer  found,  and  find- 
ing the  modified  diameter  by  means  of 
the  second  column.  The  following  case 
will  fully  explain  what  is  meant : 

3.  Given  a  wheel  33  inches  diameter, 
If  inch  pitch,  to  find  the  number  of 
teeth.  The  corresponding  factor  is 
1*7952,  which  multiplied  by  33  gives 
59*242  for  the  number  of  teeth,  that  is, 
69J  teeth  nearly.  Now,  59  would  here 
be  the  nearest  whole  number ;  but  as  a 
wheel  of  60  teeth  may  be  preferred  for 
convenience  of  calculation  of  speeds,  we 
may  adopt  that  number  and  find  the  di- 
ameter corresponding.  The  factor  in 
the  second  column  answering  to  1|  pitch 
is  *557,  and  this  multiplied  by  60  gives 
33*4  inches  as  the  diameter  which  the 
wheel  ought  to  have. 

Rule. —  To  find  the  power  that  a  east  iron  wheel  is  cavable  of 
transmitting  at  any  given  velocity, — Multiply  the  breadtn  of  the 
teeth,  or  face  of  the  wheel,  in  inches,  by  the  square  of  the  thick- 
ness of  one  tooth,  and  divide  the  product  by  the  length  of  the  teeth, 
the  quotient  is  the  strength  in  horse  power  at  a  velocity  of  136 
feet  per  minute. 

Required  the  power  that  a  wheel  of  the  following  dimensions 
ought  to  transmit  with  safety,  namely, 

Breadth  of  teeth ....7}  inches, 

Thickness « 1*4 

And  length 2 

1*4*  «  1-96,  and  7*5  x  1*96       ^  ^,  ^ 

^ T  =  7*35  horse  power. 

The  strength  at  any  other  velocity  is  found  by  multiplying  the 
power  BO  obtained,  by  any  other  required  velocity,  and  by  '0044, 
the  quotient  is  the  power  at  that  velocity. 

Suppose  the  wheel  as  above,  at  a  velocity  of  320  feet  per  minute. 
7*35  X  320  X  -0044  «  10*3488  horse  power. 
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OH  THE  XAXJLMUM  VELOCITT  AKB  POWES  OF  WATER 

WHEELS. 

OF  UNDERSHOT  WHEELS. 

The  term  ^^  undershot"  is  applied  to  a  wheel  when  the  water 
strikes  at,  or  below,  the  centre ;  and  the  greatest  effect  is  produced 
when  the  periphery  of  the  wheels  moves  with  a  velocitj  of  '57  that 
of  the  water ;  hence^  to  find  the  velocity  of  the  water,  multiply  the 
square  root  or  the  perpendicular  height  of  the  fall  in  feet  by  8^ 
and  the  product  is  the  velocity  in  feet  per  second. 

Required  the  maximum  velocity  of  an  undershot  wheel,  when 
propelled  by  a  fall  of  water  6  feet  in  height. 

v/6  =»  2-45  X  8  *=  19-6  feet,  velocity  of  water. 
And  19-6  X  -57  =  11-17  feet  per  second  for  the  wheel. 

OF  BREAST  AND  OVERSHOT  WHEELS. 

Wheels  that  have  the  water  applied  between  the  centre  and  the 
vertex  are  styled  breast  wheels,  and  overshot  when  the  water  is 
brought  over  the  wheel  and  laid  on  the  opposite  side ;  however,  in 
either  case  the  maximum  velocity  is  }  that  of  the  water ;  hence, 
to  find  the  head  of  water  proper  for  a  wheel  at  any  velocity,  say : 

As  the  square  of  16*083,  or  258*67,  is  to  4,  so  is  the  square  of 
the  velocity  of  the  wheel  in  feet  per  second  to  the  head  of  water 
required.  By  hecui  is  understood  the  distance  between  the  aper- 
ture of  the  sluice  and  where  the  water  strikes  upon  the  wheel. 

Required  the  head  of  water  necessary  for  a  wheel  of  24  feet 
diameter,  moving  with  a  velocity  of  5  feet  per  second. 

— 2~  =  7'5  feet,  velocity  of  the  water. 
And  258*67  :  4  : :  7*5» :  -87  feet,  head  of  water  required. 

But  one-tenth  of  a  foot  of  head  must  be  added  for  every  foot 
of  increase  in  the  diameter  of  the  wheel,  from  15  to  20  feet,  and 
-05  more  for  every  foot  of  increase  from  20  to  30  feet,  commencing 
with  five-tenths  for  a  15  feet  wheel. 

This  additional  head  is  intended  to  compensate  for  the  friction 
of  water  in  the  aperture  of  the  sluice  to  keep  the  velocity  as  3  to  2 
of  the  wheel ;  thus,  in  place  of  *87  feet  head  for  a  24  feet  wheel, 
it  wiD  be  -87  +  1*2  «  2*07  feet  head  of  water. 

If  the  water  flow  from  under  the  sluice,  multiply  the  square 
root  of  the  depth  in  feet  by  5*4,  and  by  the  area  of  the  orifice  also 
in  feet,  and  the  product  is  the*  quantity  discharged  in  cubic  feet 
per  second. 

Again,  if  the  water  flow  over  the  sluice,  multiply  the  square 
root  of  the  depth  in  feet  by  5*4»  and  }  of  the  product  multiplied 
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by  the  length  and  depth,  ako  in  feet,  gives  the  number  of  cnbic 
feet  discharged  per  second  nearly. 

Required  the  number  of  cubic  feet  per  second  that  will  Sflsae 
from  the  orifice  of  a  sluice  5  feet  long,  9  inches  wide,  and  4  feet 
from  the  surface  of  the  water. 

v/4  «  2  X  5-4  =-  10-8  feet  velocity. 
And  6  X  *76  X  10-8  «  40*5  cubic  feet  per  second. 

What  quantity  of  water  per  second  will  be  expended  over  a  wear, 
dam,  or  sluice,  whose  length  is  10  feet,  and  depth  6  inches  ? 

1*20744  X  2 
v/-5  =  -2286  X  6-4  = g ==  -80496  feet  velodty. 

Then  10  x  -6  =«  5  feet,  and  -80496  x  5  =  40248  cubic  feet 
per  second  nearly. 

In  estimating  the  power  of  water  wheels,  half  the  head  must  be 
added  to  the  whole  fall,  because  1  foot  of  fall  is  equal  to  2  feet  of 
head ;  call  this  the  effective  perpendicular  descent ;  multiply  the 
weight  of  the  water  per  second  by  the  effective  perpendicular  de- 
scent and  by  60 ;  divide  the  product  by  33,000,  and  the  quotient 
is  the  effect  expressed  in  horse  power. 

Oiven  16  cubic  feet  of  water  per  second,  to  be  applied  to  an  under- 
shot wheel,  the  head  being  12  feet ;  required  the  power  produced. 

.^       «      ^        6x16x62-5x60       ,^^, 

12  -i-  2  as  6  and 3300O "*  horse  power  nearly. 

Given  16  cubic  feet  of  water  per  second,  to  be  applied  to  a  hi^ 
breast  or  an  overshot  wheel,  with  2  feet  head  and  10  feet  fall; 
required  the  power. 

«      «      .      ,  1  +  10  X  16  X  62-5  X  60      ^^, 

2  -*-  2  «  1  and 33000 **  "^  power. 

Only  about  two-thirds  of  the  above  results  can  be  taken  as  real 
communicative  power  to  machinery. 

or  THX  cmcLx  or  gtbation  in  water  wheels. 

The  centre  or  circle  of  gyration  is  that  point  in  a  revolving  body 
into  which,  if  the  whole  quantity  of  matter  were  collected,  the 
same  moving  force  would  generate  the  same  angular  velocity, 
which  renders  it  of  the  utmost  importance  in  the  erection  of  water 
wheels,  and  the  motion  ought  always  to  be  communicated  from  that 
point  when  it  is  possible. 

Bulb. — To  find  the  circle  of  gyration. — Add  into  one  sum  twice 
the  weight  of  the  shrouding,  buckets,  &c.,  multiplied  by  the  square 
of  the  radius,  }  of  the  weight  of  the  arms,  multiplied  by  the  square 
of  the  radius,  and  the  weight  of  the  water  multiplied  by  the  square 
of  the  radius  also ;  divide  the  sUm  by  twice  the  weight  of  the 
shrouding,  arms,  &c.,  added  to  the  weight  of  the  water,  and  the 
square  root  of  the  quotient  is  the  distance  of  the  circle  oF  gyra- 
tion from  the  centre  of  suspension  nearly. 
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Required  the  distance  of  the  centre  of  gyration  from  the  centre 
of  suspension  in  a  water  wheel  22  feet  diameter,  shrouding,  buckets, 
Ac.  »  18  tons,  arms  »  12  tons,  and  water  «  10  tons. 


Then, 

22  -*-  2  -  11  and  11» 
18  X  2  -  86  X  121 
|ofl2-    8  xl21 
water  —  10  x  121 

2  -  60  +  10  -  70;  1 

-  121 
=  4856 

-  968 
-1210 

6584 

And  18  +  12  X 
.6584      . 

lence, 

70 


«  9*6  feet  from  the  centre  of  suspension  nearly. 
Table  of  Anfflesfor  WindmUl  Sails. 


Nvmlwr. 

Aa«l«  with  the  naa«  of  Mottoa. 

1 

ISO 

240 

2 

19 

21 

8 

IS 

18 

4 

1« 

14 

5 

12J 

9 

6 

7 

8  extremity. 

The  radius  is  supposed  to  be  .divided  into  six  equal  parts,  and  ^ 
from  the  centre  is  called  1,  the  extremity  being  denoted  by  6. 

The  first  column  contains  the  andes  according  to  an  old  custom ; 
but  experience  has  taught  us  that  the  Migles  in  the  second  column 
are  preferable. 

THE  VBLOOITT  OV  THRBSHINa  MACHINB8,  MILL8TONX8,  BOUNG 
ntON,  XTO. 

The  drum  or  beaters  of  a  threshing  machine  ought  to  move  with 
a  velocity  of  about  3000  feet  per  minute ;  hence,  divide  11460  by 
the  diameter  of  the  drum  in  inches ;  or  955  by  the  diameter  of  the 
drum  in  feet;  and  the  quotient  is  the  number  of  revolutions 
required  per  minute.  And  the  feeding  rollers  must  make  half 
the  revolutions  of  the  drum,  when  their  diameters  are  abont 
3}  inches. 

If  the  machine  is  driven  by  horses,  their  veLodtj  ought  to  be' 
from  2}  to  8  times  round  a  24  feet  ring  per  minute. 

Divide  500  by  the  diameter  of  a  millstone,  in  feet,  or  6000  by 
the  diameter  in  inches,  and  the  quotient  is  the  number  of  revolu- 
tions required  per  minute. 

In  boring  cast  iron  jhe  cutters  ought  to  have  a  velocity  of  about 
108  inches  per  minute,  or  divide  36  by  the  diameter  in  inches,  the 
quotient  is  the  number  of  revolutions  of  the  boring  head  per  minute.* 
And  divide  100  by  the  diameter  in  inches,  the  quotient  is  the  num- 
ber of  revcdutioDS  per  minate,  for  turning  wroi^ht  iron  in  general, 
acid  about  half  that  velocity  for  oa«t  iron. 
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07  lUKPB  Am)  FUKPnrO  EV0IHE8. 

Pumps  are  chiefly  designated  by  the  names  of  lifting  and  foree 
pumps ;  lifting  pumps  are  applied  to  wells,  kc.y  where  the  height 
of  the  bucket,  from  the  surface  of  the  water,  must  not  exceed  33  feet ; 
this  being  nearly  equal  to  the  pressure  of  the  atmosphere,  or  the 
height  to  which  water  would  be  forced  up  into  a  vacuum  by  the 
pressure  of  the  atmosphere.  Force  pumps  are  applicable  on  all 
other  occasions,  as  raising  water  to  any  required  height,  supplying 
boilers  against  the  force  of  the  steam,  hydrostatic  presses,  &c. 

The  power  required  to  raise  water  to  any  height  is  as  the  weight 
and  Telocity  of  the  water  with  an  addition  of  about  i  of  the  whole 
power  for  friction ;  hence  the 

Rule. — Multiply  the  perpendicular  height  of  the  water,  in  feet, 
by  the  velocity,  also  in  feet,  and  by  the  square  of  the  pump's 
diameter  in  inches,  and  again  by  '341 ;  fthis  being  the  weight  of 
a  column  of  water  1  inch  diameter,  ana  12  inches  high,  in  lbs. 
avoirdupois ;)  divide  the  product  by  33,000,  and  I  of  the  quotient 
added  to  the  whole  quotient  will  be  the  number  of  horse  power 
required. 

Required  the  power  necessary  to  overcome  the  resistance  and 
friction  of  a  column  of  water  4  inches  diameter,  60  feet  high,  and 
flowing  with  a  velocity  of  130  feet  per  minute. 

60  X  130  X  4^  X -341     1-3       ^^     ,„     ,,^, 

33000 "^  "5"  =*  "26  +  1*3  =  156  horse  power  nearly. 

Hot  liquor  pumps,  or  pumps  to  be  employed  in  raising  any  fluid 
where  steam  is  generated,  require  to  be  placed  in  the  fluid,  or  as 
low  as  the  bottom  of  it,  on  account  of  the  steam  filling  the  pipes, 
and  acting  as  a  counterpoise  to  the  atmosphere ;  and  the  diameter  of 
the  pipes  to  and  from  a  pump  ought  not  to  be  less  than  f  of  the 
pump's  diameter. 

Rule. — The  diameter  of  a  pump  and  velocity  of  the  water  giveUy 
to  find  the  quantity  discharged  in  gallonSy  or  cubic  feet,  in  any 
given  time. — Multiply  the  velocity  of  the  water,  in  feet  per  minute, 
by  the  square  of  the  pump's  diameter  in  inches,  and  by  '041  for 
gallons,  or  '0005454  for  cubic  feet,  and  the  product  will  be  the 
number  of  gallons,  or  cubic  feet,  discharged  in  the  given  time 
nearly. 

What  is  the  number  of  gallons  of  water  discharged  per  hour  by 
a  pump  4  inches  diameter,  the  water  flowing  at  the  rate  of  ISO 
feet  per  minute  ? 

130  X  60  «  7.800  feet  per  hour. 
And,  7800  x  4»  x  -041  =  5116-8  gallons. 

Rule  1. — TJie  length  of  stroke  and  number  of  strokes  gwen,  tc 

find  the  diameter  of  a  pump,  and  number  of  horse  power  that  wiB 

•  discharge  a  given  quantity  i>f  water  in  a  given  time. — ^Multiply  the 
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number  of  cubic  feet  by  2201,  and  divide  the  product  by  the  ve- 
locitj  of  the  water,  in  inches,  and  the  square  root  of  the  quotient 
will  be  the  pump's  diameter,  in  inches. 

2.  Multiply  the  number  of  cubic  feet  by  62*5,  and  by  the  per- 
pendicular height  of  the  water  in  feet,  divide  the  product  by  33,000, 
then  will  I  of  the  quotient,  added  to  the  whole  quotient,  be  the 
number  of  horse  power  required. 

Required  the  diameter  of  a  pump,  and  number  of  horse  power, 
capable  of  filling  a  cistern  20  feet  long,  12  feet  wide,  and  6^  feet 
deep,  in  45  minutes,  whose  perpendicular  height  is  53  feet ;  the 
pump  to  have  an  effective  stroke  of  26  inches,  and  make  30  strokes 
per  minute. 

20  X  12  X  6-5  =  1560  cubic  feet,  and 

1560 

-jF"  =  84*66  cubic  feet  per  minute. 

Then,  84-66  x  2201      ^  ,^  .    ,     ,. 

^26  X  30    ™  inches  diameter  of  pump. 

And  84-66  x  62-5  x  58       8-48        ^^       „  ^^        ^  ^^  , 

33000 =  -g-  «  -69  +  8-48  -  4-17  horse 

power. 

Rule. — To  find  the  time  a  cistern  wiU  take  in  filling y  when  a 
known  quantity  of  water  is  going  in,  and  a  known  portion  of  that 
fcater  is  going  outy  in  a  given  time. — Divide  the  content  of  the  cis- 
tern, in  gallons,  by  the  difference  of  the  quantity  going  in,  and 
the  quantity  going  out,  and  the  quotient  is  the  time  in  hours  and 
parts  that  the  cistern  will  take  in  filling. 

If  80  gallons  per  hour  run  in  and  22^  gallons  per  hour  run  out 
of  a  cistern  capable  of  containing  200  gallons,  in  what  time  will 
the  cistern  be  filled  7 

80  -  22-5  «  7-5,  and  200  -i-  7*5  =  26-666j  or  26  hours  and 
40  minutes. 

To  find  the  time  a  vessel  will  take  in  emptying  itself  of  water. — 
Mr.  O'Neill  ascertained,  from  very  accurate  experiments,  that  a 
vessel,  3-166  feet  long  and  2*705  inches  diameter,  would  empty  it- 
self in  3  minutes  and  16  seconds,  through  an  orifice  in  the  bottom, 
whose  area  is  *0141  inches ;  and  another  6*458  feet  long,  the  dia- 
meter and  orifice,  as  before,  would  do  the  same  in  4  minutes  and  40 
seconds ;  hence,  from  these  experiments,  a  rule  is  obtained,  namely, 

Multiply  the  square  root  of  the  depth  in  feet  by  the  area  of  the 
falling  surface  in  inches,  divide  the  product  by  the  area  of  the  ori- 
fice, multiplied  by  8*7,  and  the  quotient  is  the  time  required  in 
seconds,  nearly. 

How  long  wl\  it  require  to  empty  a  vessel  of  water,  9  feet  high, 
and  20  inches  diameter,  through  a  hole  f  inch  in  diameter  ? 
\/9  a  3,  the  square  root  of  the  depth, 
814*16  inches,  area  of  the  falling  surface, 
*4417  inches,  area ^f  the  orifice; 
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Then,  814*16  x  8 

'4417  X  8-7  ^  576-7  seconds,  or  9  minutes  and  86  seeends. 

On  the  pressure  of  fluids. — The  side  of  any  yessel  containing  a 
fluid  sustains  a  pressure  equal  to  the  area  of  ^e  side,  multiplied  bj 
half  the  depth;  thus, 

Suppose  eadi  side  of  a  yessel  to  be  12  feet  long  and  5  feet  deep, 
when  filled  with  water,  what  pressure  is  upon  each  side  T 
12   X   5  »  60  feet,  the  area  of  the  side, 
2*5   feet  «  half  the  depth,  and 
62*5  lbs.  =  the  Weight  of  a  cubic  foot  of  water. 
Then,  60  x  2-5  x  62-5  =  9375  lbs. 

Rule. — To  find  the  ioeight  that  a  given  power  can  roue  by  a 
hydrostatic  press. — Multiply  the  square  of  the  diameter  of  the  ram 
in  inches  by  the  power  applied  in  lbs.,  and  by  the  ^ectiye  leyerage 
of  the  pump-handle ;  divide  the  product  by  the  square  of  the  pump's 
diameter,  also  in  inches,  and  the  quotient  is  the  weight  that  the 
power  is  equal  to. 

What  weight  will  a  power  of  50  lbs.  raise  by  means  of  a  hydro- 
static press,  whose  ram  is  7  inches  diameter,  pump  {,  and  the  ef- 
fective leverage  of  the  pump-handle  being  as  6  to  1  ? 

7*  X  50  X  6       ^^«^^„ 

:gyg^ =  19200  lbs.,  or  8  tons  11  cwt. 

In  the  following  rules  for  pumping  engines  the  boiler  is  supposed 
to  be  loaded  with  about  2}  lbs.  per  square  inch,  and  the  barometer 
attached  to  the  condenser  indicating  26  inches  on  an  average,  or 
18  lbs.,  «  15|  lbs.,  from  which  deduct  ^  for  friction,  leaves  a  pres- 
sure of  10  lbs.  nearly  upon  each  square  inch  of  the  piston. 

Bulk. — To  find  the  diameter  ofaeylinder  to  work  a  pump  of  a 
given  diameter  for  a  given  depth. — -Multiply  the  square  of  the 
pump's  diameter  in  inches  by  i  of  the  depth  of  the  pit  in  fathoms, 
and  the  square  root  of  the  product  will  be  the  cylinder's  diameter 
in  inches. 

Required  the  diameter  of  a  cylinder  to  work  a  pump  12  indies 
diameter  and  27  fathoms  deep. 

^(12^  X  9)  »  86  inches  diameter. 

RuLS. — To  find  the  diameter  ofapumpy  thataeyUnder  of  a  given 
diameter  can  work  at  a  given  depth. — ^Divide  three  times  the  square 
of  the  e^dnder's  diameter  in  inches  by  the  depth  of  the  pit  in  fa- 
thoms, and  the  square  root  of  the  quotient  will  be  ibe  pump's  di- 
amettf  in  inches. 

What  diameter  of  a  pump  will  a  86-inch  cylinder  be  capable  of 
working  27  fathoms  deep  ? 


r- 


6*  X  3 

B 12  inches  diameter. 


27 

RuLB. — To  find  Ae  depth  from  which  apsunpcfagwen  diameter 
will  work  by  means  of  a  cylinder  ofagiven  diameter^ — ^Divide  three 
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times  the  square  of  the  cylinder's  diameter  in  inches  by  the  square 
of  the  pump's  diameter  also  in  incheS|  and  the  quotient  will  be  the 
depth  of  the  pit  in  fathoms. 

Required  the  depth  that  a  cylinder  of  86  inches  diameter  will 
work  a  pump  of  12  inches  diameter. 


J 


f36«  X  3 
^4^     «  27  fathoms. 


An  inelastic  body  of  80  lbs.  weight,  moves  with  a  8  feet  velo- 
city, and  is  struck  by  another  inelastic  body  having  a  7  feet  velo- 
city, the  two  will  then  proceed,  after  the  blow,  with  the  velocity 

50  X  7  +  80  X  8      850  +  90      44      11 

^  "■  60  +  30  ^        80        *"  8  ""  2  *"  ^a  ^®®*' 

To  cause  a  body  of  120  lbs.  weight  to  pass  from  a  velocity  <?,  « 
1^  feet  into  a  2  feet  velocity  Vy  it  is  struck  by  a  heavy  body  of  50 
lbs.,  what  velocity  will  the  body  acquire  ?    Here 

{v  -  c,)  M,       ^      (2  -  1-5)  X  120       ^      6       „  ^ 
c.^v+        m;        -  2  +  5^ ^ 2  +  5  =  3-2 

feet. 

Two  perfectly  elastic  spheres,  the  one  of  10  lbs.  the  other  of  16 
lbs.  weight,  impinge  with  the  velocities  12  and  6  feet  against  each 
other^  what  will  be  their  velocities  after  impact  ?  Here  M,  =  10 
and  e^  »  12  feet,  but  M,  »  16  and  cr,  »  —  6  feet,  hence  the  loss 
of  velocity  of  the  first  body  will  be 

2x16(12+6)      2x16x18     ^^,,,  , 

^i  -  t'l 10  4.16 —  " 26 -22-154  feet;  and 

2  xlO  xl8      ,^^,^ 
the  gain  in  velocity  of  the  other,  v,  —  <?,  = kq ™  18'84o 

feet.  From  this  the  first  body  after  impact  will  recoil  with  the  ve- 
locity Vj  =  12  -  22-154  =»  -  10-154  feet;  and  the  other  with 
that  of  —  6  +  13-846  =»  7,846  feet  Moreover,  the  measure  of 
vis  viva  of  the  two  bodies  after  impact  =  M^v^*  +  M,t;/  «  10  X 
10-154'  +  16  X  7-846«  =  1031  +  985  =  2016,  as  likewise  of  that 
before  impact,  namely:  M,c,«  +  M,c/  =  10  X  12«  +  16  X  6«  = 
1440  +  576  a  2016.    Were  these  bodies  inelastic,  the  first  would 

c   ~^  V 
only  lose  in  velocity  -^-g — ~  =»  11-077  feet,  and  the  other  gain 

V    "^  c 

-^—3 — -  =  6-923  feet ;  the  first  would  still  retain,  after  impact,  the 

velocity  12  —  11-077  «  0-923  feet,  and  the  second  take  up  the 
velocity  —  6  +  6-923  =»  0-928,  and  the  loss  of  mechanical  efiect 
^ould  be  (2016  -  (10  +  16)  0-923^  h-  2a  «  (2016  -  2-22)  x 
0-0155  »  29-85  ft.  lbs. 

29 
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GENTBIFETAL  AND  CENTBIFirOAL  FOBCE. 

1.  What  is  the  centrifugal  force  of  a  body  weighing  20  lbs. 
that  describes  a  circle  of  10  feet  radius  200  times  in  a  minute  ? 

•000331  ^  200»  X  20  X  10  =  2648  lbs.,  the  centrifugal  force. 
*00331  is  a  constant  number. 

It  is  a  well  established  fact  that  the  centrifugal  force  is  to  the 
weight  of  the  body  as  double  the  height  due  to  the  velocity  is  to 
the  radius  of  revolution.     Hence,  this  question  may  be  thus  solyed : 

20  X  3-1416  =  62-832,  the  circumference  of  the  circle  of  10 
feet  radius. 

62*832  X  200  »  12566-4  feet,  the  space  passed  over  by  the 
weight  in  one  minute. 

— gTj —  =»  209-44  feet,  the  space  described  in  a  second,  whidi 

is  called  the  velocity. 

(209-44? 

'    g^.^  '  =  681-136  feet,  the  height  due  to  the  velocity. 

If  F  be  the  centrifugal  force — 

F  :  20  : :  1862-272  :  10. 

1362-272  X  20 
.  •.  F  « jQ =»  2724-544  lbs.    The  former  rule  gives 

2648  lbs. 

2.  What  is  the  centrifugal  force  at  the  equator  on  a  body  weigh- 
ing 800  lbs.,  supposing  the  radius  of  the  earth  »  21000000  feet, 
and  the  time  of  rotation  «  86400"  =  24  hours? 

««-       21000000  X  300       ,  ^o«^^„ 
F  =»  1-224  X 86400^ ^  108298  lbs.,  or  one  pound 

very  nearly.     1-224  is  a  constant  multiplier. 

3-1416  X  21000000  =  66978600  feet,  \  the  circumference 

of  the  earth  at  the  equator. 

2  X  65973600        ,,^^,^  , 

85400 ^  1527-16  feet,  the  velocity  of  the  weight 

each  second. 

Q527-16)* 

^    g^.^       =  36214-56,  the  height  due  to  the  velocity. 

F  :  300  ::  72429-12  :  21000000. 

72429-12  X  300 
F  =  — 210Q000Q —  ^  1*0347  nearly,  as  by  the  former  ap- 
proximate method. 

3.  If  a  body  weighing  100  lbs.  describe  a  circle  of  10  feet  radius 
800  times  a  minute,  what  is  the  diameter  of  a  cast  iron  cylindrical 
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rod,  connecting  the  body  with  the  axis,  that  will  safely  support  this 
weight  ?     The  centrifugal  force  will  be, 

•000831  X  300»  X  100  x  10  «  29790  lbs. 

From  the  strength  of  materials,  page  281,  we  find  that  the  ulti- 
mate cohesive  strength  for  each  circular  inch  of  cross  sectional  area 
is  14652  lbs. ;  but  one-third  of  this  weight,  or  4884  lbs.,  can  only 
be  applied  with  safety. 

29790 

^ggj-  s=  2*46982  inches,  the  diameter  of  the  cylindrical  rod. 

4.  The  dimensions,  the  density,  and  strength  of  a  millstone 
ABDE  are  given ;  it  is  required  to  find  the  angular  velocity  i;,  in 
consequence  of  which  rupture  will  take  place  on  account  of  the 
centrifugal  force. 


If  we  put  the  radius  of  the  millstone  =  r^  ==  24  inches  =» 
C6 ;  the  radius  =  CK  of  its  eye  =  r ,  =  4  inches ;  the  height 
PQ  =  GH  =  Z  =  12  inches;  the  density  =  t  =  2500  «  specific 
gravity  of  the  millstone;  and  the  modulus  of  strength  =  K  = 
750  lbs.  =  the  ultimate  cohesive  strength  of  each  square  inch  of 
cross  sectional  area  in  the  section  PH,  supposing  the  centrifugal 
forces  —  F  and  +  F  to  cause  the  separation  in  this  section. 
(^1  ""  ^a)  ^  ="  *^®*  ^f  parallelogram  GR. 
Hence,  the  force  in  lbs.  required  to  cause  rupture  will  be, 
2  (f^  —  r,)  ?  X  K ;  the  weight  of  the  stone  G  =  ^  (r/  —  r*)  Zy, 
and  the  radius  of  gyration  of  each  half  of  the  stone,  i.  e.  the  distance 

4       /•  *  —  y  * 
of  its  centre  of  gravity  from  the  axis  of  rotation  r  =  g-jj  X  -\  __   V 

At  the  moment  of  rupture,  the  centrifugal  force  of  half  the  stone 
is  equivalent  to  the  strength ;  we  Ixence  obtain  the  equation  of  con* 
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dition  «  X  J  —  «  2  (r^  -  r.)  ZK,  i.  e.  *»«  x  §  (r,«  -  r/)  —  « 
9  Q 

2  (r^  —  rj  ZK ;  or  leaving  out  2  Z  on  both  sides,  it  follows  that 
.     /3ff  (r,  -  r,)  K         /  3^K        ~ 

If  r,  =»  2  feet  «  24  inches,  r,  »  4  inches,  K  «  750  lbs.,  and 
the  specific  gravity  of  the  millstone  =*  2-5 ;  therefore  the  weight 

,.    .    ^    ,  .  62-5  X  2-5  ^ 

of  a  cubic  inch  of  its  mass  =  — jsgg —  «=  0-0903  lbs. ;  it  follows 

that  the  angular  velocity  at  the  moment  of  rupture  is, 

/3  X  12  X  32-2  X  750         /869400 

"  ""  V        688  X  0-9903        "  n/624264  ""  ^^'^'^  mches. 

If  the  number  of  rotations  per  minute  »  n,  we  have  then  u  ^ 
2Hn    ^          .          ,             80«  ^     ^           80x112-1       ^ 
~QQ~;  hence,  mversely,  n  =•— ;^,  but  here  = s=  1070. 

The  average  number  of  rotations  of  such  a  millstone  is  only  120, 
therefore  9  times  less. 

With  what  velocity  must  a  body  of  8  lbs.  impinge  against  an- 
other at  rest  of  25  lbs.,  in  order  that  the  last  may  have  a  velocity 
of  2  feet  ?    Were  the  bodies  inelastic,  we  should  then  have  to  pat: 

M,<?,      .       n       8  X  c,   ,  38      ^    ^ 

V  =  jJ~qrM">  1.  e.  2  =  g  ^25>  ^^^^®  ^i  "^T  ™  ^  ^®®*»  *^®  ^^ 

2M  tf 

quired  velocity ;  but  were  they  elastic,  we  should  have  v,  =  w    /^- ; 

88  *         ' 

hence,  <?i  =  "g"  =  4J  feet. 

-  If  in  a  machine,  16  blows  per  minute  take  place  between  two  in- 

1000  1200 

elastic  bodies  M^  «=  — —  lbs.  and  M,  =  — —  lbs.,  with  the  velo- 

cities  er  »  5  feet,  and  c,  «  2  feet,  then  the  loss  in  mechanical  ef- 

16      (5  -  2)«      1000-1200 
feet  from  these  blows  will  be :  L  =»  gQ  x  — Oj  '     ^  — 2200 —  ^ 

4  1         6000  400 

jg-  X  9  X  Q^  X  -jj-  =a  0-576  X  "ij7=  20-94  units  of  work  per 

second. 

If  two  trains  upon  a  railroad  of  120000  lbs.  and  160000  lbs. 
weight,  come  into  collision  with  the  velocities  c^  «  20,  and  e^  = 
15  feet,  there  will  ensue  a  loss  of  mechanical  effect  expended  upon 
the  destruction  of  the  locomotives  and  carriages,  which  in  the  case 
of  perfect  inelasticity  of  the  impinging  parts,  will  amount  to 

(20  +  Uy      120000  X  160000  J_      1920000 

=*        2g  ^  280000  -  85   X  g^.^  x       gs       " 

1844000  ft.  lbs.,  or  units  of  worL 
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Two  rules,  bj  which  the  principal  calculations  in  the  art  of  ship- 
building are  made,  may  be  employed  to  measure  the  area  or  super- 
ficial space  enclosed  by  a  curve,  and  a  straight  line  taken  as  a  base. 

Rule  I. — If  the  area  bounded  by  the  curve  line  ABC  and  the 
straight  line  AG  is  required  to  ))e  estimated,  by  the  rule,  the  base 
AG  is  divided  into  an  even  number  of  equal  parts,  to  give  an  odd 
number  of  points  of  division. 


Al 


11  12  13  14  16  10  17  18  19  2U  210 


Where  the  base  AC  is  divided  into  twenty  equal  parts,  giving 
twenty-one  points  of  division,  and  the  lines  1-1,  2*2,  8'3,  &c.,  are 
drawn  from  these  points  at  right  angles  or  square  to  AC,  to  meet 
the  curve  ABC,  these  lines,  1*1,  2*2,  8*3,  &c.,  are  denominated  or- 
dinates,  and  the  linear  measurement  of  them,  on  a  scale  of  parts, 
is  taken  and  used  in  the  following  general  expression  of  the  rule. 

Area  =  {A  +  4  P  +  2  Q}  g. 

Where  A  »  sum  of  the  first  and  last  ordinates,  or  1*1  and  21-21. 

4  P  =  sum  of  the  even  ordinates  multiplied  by  4. 

Or,  {2d  +  4th  +  6th  +  8th  +  10th  +  12th.  +  14th  +  16th  + 
18th  +  20th}  X  4. 

2  Q  =>  sum  of  the  remaining  ordinates ;  or, 

{3d  +  5th  +  7th  +  9th  +  11th  +  13th  +  15th  +  17th  -p 
19th}  X  2. 

And  r  is  equal  to  the  linear  measurement  of  the  common  inter- 
val between  the  ordinates,  or  one  of  the  equal  divisions  of  the  base 
AC.  This  rule,  for  determining  the  area  contained  under  the  curve 
and  the  base,  may  be  put  under  another  form ;  for  as  the 

r 

Area  =  {A  +  4  P  +  2  Q}  x  « ;  it  may  be  transferred  into 

(A      ^^       ^1       2r 
Area  =.|2+2P  +  Q|x-3. 

The  practical  advantages  to  be  derived  from  this  modification  of 
the  general  rule  will  appear  when  the  methods  of  calculation  are 
further  developed. 
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Rule  II. — If  the  base  AC  be  so  divided  that  the  equal  intervals 
are  in  number  a  multiple  of  the  numeral  3,  then  the  total  number 
of  the  points  of  division,  and  consequently  the  ordinates  to  the 
curve,  will  be  a  multiple  of  the  numeral  3  with  one  added,  and  the 
area  under  the  curve  ABC,  and  the  base  AC,  can  be  determined 
by  the  following  general  expression : 

3r 


Area  =  {A  +  2  P  +  3  Q} 


X    g. 


Where  A  =  sum  of  the  first  and  last  ordinates,  or  1  and  16. 

2  P  =  sum  of  the  4th,  7th,  10th,  18th,  multiplied  by  2,  or  ordi- 
nates bearing  the  distinction  of  being  in  position  as  multiples  of 
the  numeral  3,  with  one  added. 

3  Q,  the  sum  of  the  remaining  ordinates,  multiplied  by  8,  or  of 
the  2d,  3d,  6th,  6th,  7th,  8th,  9th,  11th,  12th,  14th,  and  15th, 
multiplied  by  8. 

The  number  of  equal  divisions  for  this  rule  must  be  either  3,  6, 
9,  12,  or  15,  &;c.,  being  multiples  of  the  numeral  3,  whence  the  or* 
dinates  will  be  in  number  under  such  divisions,  multiples  of  the 
numeral  3,  with  one  added. 

This  rule  admits  also  of  a  modification  in  form,  to  make  it  more 
convenient  of  application. 

8 


For  area  =  { A  +  2  P  +  3  Q} 


Xgr. 


As  before  advanced  for  the  change  adopted  in  the  general  ex- 
pression for  the  first  rule,  the  utility  of  this  modification  of  the 
second  rule  will  be  observable  when  the  calculations  on  the  im- 
mersed body  are  proceeded  with. 

The  rules  are  formed  under  the  supposition  that  in  the  first  rule 
the  curve  ABC,  which  passes  through  the  extremities  of  the  ordi- 
nates, is  a  portion  of  a  common  parabola,  while  in  the  second  rule 
the  curve  is  assumed  to  be  a  cubic  parabola ;  the  results  to  be  ob- 
tained from  an  indiscriminate  use  of  either  of  these  rules,  differ 
from  each  other  in  so  trifling  a  degree,  (considered  practically  and 
not  mathematically,)  as  not  to  sensibly  affect  the  deductions  derived 
by  them. 

William  O'Neill,  or,  as  English  writers  term  him,  William  Neal, 
was  the  first  to  rectify  a  curve  of  any  sort;  this  curve  was  the 
semi-cubical  parabola ;  these  rules,  of  such  use  in  the  art  of  ship- 
building, were  first  given  by  him,  but  as  is  usual,  daimed  by  Eng- 
lish pretenders. 

The  foregoing  rules,  when  applied  to  the  measurement  of  the 
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immersed  portion  of  a  floating  body,  as  the  displacement  of  a  ship, 
are  used  as  follows. 

The  ship  is  considered  as  being  divided  longitudinally  by  equi- 
distant athwartship  or  transverse  vertical  planes,  the  boundaries 
of  which  planes  give  the  external  form  of  the  vessel  at  the  respec- 
tive stations,  and  therefore  the  comparative  forms  of  any  inter- 
mediate portion  of  it« 


If  the  ship  be  immersed  to  the  line  AB,  considered  as  the  line 
of  the  proposed  deepest  immersion  or  lading,  the  curves  HLO  and 
KMP  woidd  give  the  external  form  of  the  ship  at  the  positions  €r 
and  I  in  that  line  ;  and  the  areas  6HL0,  lEMF  contained  under 
the  curves  HLO,  KMP,  the  right  lines  GH,  IK,  (the  half-breadths 
of  the  plane  of  proposed  flotation  AB  at  the  points  G  and  I,)  and 
the  right  lines  GO,  IF,  the  immersed  depths  of  the  body  at  those 
points  are  the  areas  to  be  measured ;  and  if  the  areas  obtained  be 
represented  by  linear  measurements,  and  are  set  off  on  lines  drawn 
at  right  angles  to  the  line  AB  at  their  respective  stations,  a  curve 
bounding  the  representative  areas  would  be  formed,  and  the  mea- 
surement by  the  rules  of  the  area  contained  under  this  curve,  and 
the  right  Ime,  AB,  or  length  of  the  ship  on  the  load-water  line, 
would  give  the  sum  of  the  areas  thus  represented,  and  thence  the 
solid  contents  of  the  immersed  portion  of  the  ship  in  cubic  feet  of 
space.  In  accordance  with  this  application  of  those  rules  to  mea- 
sure the  displacement  of  the  ship,  the  usual  practice  is  to  divide 
the  ship  into  equidistant  vertical  and  longitudinal  planes,  the  lon- 
gitudinal planes  being  parallel  to  the  load-water  section  or  hori- 
zontal section  formed  by  the  proposed  deepest  immersion. 

To  measure  the  areas  of  these  planes  after  they  have  been  de- 
lineated by  the  draughtsman,  the  constructor  divides  the  depth  of 
each  of  the  vertical  sections,  or  the  length  of  each  horizontal  sec- 
tion, into  such  a  number  of  equal  divisions  as  will  make  either  one 
or  the  other  of  the  rules  1  or  2  applicable.  If  the  first  rule  be 
preferred,  the  equal  divisions  must  be  of  an  even  number,  so  that 
there  may  be  an  odd  number  of  ordinates ;  while  the  use  of  the 
second  rule,  to  measure  the  area,  will  require  the  equal  divisions 
of  the  base  to  be  in  number  a  multiple  of  the  numeral  3,  which 
will  make  the  ordinates  to  be  in  number  a  multiple  of  the  numeral 
3,  with  one  added.  Prom  the  points  of  eqijal  divisions  in  the  re- 
spective sections  thus  determined,  perpendicular  ordinates  are 
drawn  to  meet  the  curve,  or  the  external  form  of  the  transverse 
planes  of  the  body ;  and  a  table  for  the  ordinates  thus  obtained, 
having  been  made,  as  shown  page  467,  the  measures  by  scale  of  the 
respective  ordinates  are  therein  inserted. 
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For  the  area  IKMF,  the  linear  measarements  of  IE,  I'l,  2*2, 
3'3,  4-4,  are  taken  by  a  scale  of  parts,  and  inserted  in  the  colanm 
marked  5,  page  467,  the  whole  length  AB  of  the  load-water  line 
being  divided  into  10  equal  divisions,  and  the  area  IKMF  being 
supposed  as  the  fifth  from  B,  the  fore  extreme  of  the  load-water 
line.  To  apply  the  first  rule  to  the  measurement  of  the  area  of  Na. 
5  section,  the  ordinates  are  extracted  from  the  table,  page  467,  and 
operated  upon  as  directed  by  the  rule ;  viz. 

Area  =  { A  +  4  P  +  2  Q}  x  ^. 

IK,  or  first,  1-1,  or  2d,  2-2  or  3d, 

4-4,  or  last,  3-3,  or  4th,  X  2. 

added  together  or  2  Q. 

added  together  =»  A.  and  X  4  =  4  P. 

By  rule,  area  «  {A  +  4  P  +  2  Q}  X  g. 

Whence  area  «  {(IK  +  4-4)  +  (1-1  +  3-3)  4  +  2-2  X  2}  x  | « 

area  IKMF ;  and,  in  a  similar  manner,  may  the  scTeral  areas  of 
the  other  transverse  sections  be  determined. 

When  these  areas  have  all  been  thus  measured,  they  are  to  be 
summed  by  the  same  rules ;  the  areas  themselves  being  considered 
as  lines,  and  the  result  will  give  the  solid  for  displacement  in  cubic 
feet.  To  shorten  this  tedious  application  of  the  formula,  the  ar- 
rangement of  having  double-columned  tables  of  ordinates  was  in- 
troduced, as  shown  on  page  484,  and  for  the  more  ready  use  of  this 
enlarged  table,  the  modifications  in  the  formula  467,  before  alluded 
to,  were  adopted,  that  of 

Area  =  |A  +  4P  +  2Q|xg«|2+2P  +  Q|  Xj, 


and  that  of 


Area=  |  A  +  2P  +  3Q  |  X  -^  «  |  2  +  P  +  1-5Q  |  x  f  r, 

as  rendering  the  required  number  of  figures  much  less,  whereby 
accuracy  of  calculation  is  insured  and  time  is  saved. 

In  using  a  table  of  ordinates  constructed  for  this  method  of  cal- 
culation, the  linear  measurement  of  the  several  ordinates  of  yertical 
section  5  and  the  corresponding  ones  of  all  the  others  would  be  in- 
serted in  the  double  columns  prepared  for  them,  in  the  following 
order : — 

In  the  first  and  last  lines  of  the  enlarged  table  for  the  ordinates, 

distinguishable  by  -q  »  in  the  left-hand  column  of  each  pair,  the 

measurements  of  the  first  and  last  ordinates  of  the  respective  areas 
are  placed,  and  in  the  right-hand  column  of  each  pair  one-half  of 
such  measurements,  as  being  one-half  of  the  first  and  last  ordinates 
of  each  yertical  section  or  area.  In  the  lines  distinguished  by  2  P, 
in  the  left-hand  column,  the  measurements  of  the  even  ordinates 
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of«  each  respective  area  are  placed,  which  having  been  multiplied 
by  two,  the  result  is  placed  in  the  respective  right-hand  columns 
prepared  for  each  vertical  section ;  while  in  those  lines  of  the  table 
distinguished  by  Q,  the  measurements  of  the  ordinates  themselves 
are  placed  in  the  right-hand  columns,  as  not  requiring  by  the  modifi- 
cation of  the  rules  any  operation  to  be  used  on  them,  before  being 
taken  into  the  sum  forming  the  sub-multiple  of  the  respective  areas. 

It  may  here  with  propriety  be  suggested,  that  in  practice  the 
insertion  of  the  linear  measurements  of  the  ordinates  in  the  table 
in  red  ink  will  be  found  useful,*  and  that  after  such  has  been  done, 
by  the  upper  line  of  figures  in  the  table  of  ordinates  thus  arranged, 
being  divided  by  two,  the  second  line  of  figures  being  multipled 
by  two,  and  so  on  with  the  others  as  shown  by  the  table,  and  the 
results  thus  obtained  being  inserted  in  their  respective  right-hand 
columns  as  before  described,  great  facility  and  despatch  of  calcu- 
lation are  afibrded  to  the  constructor. 

That  this  method  will  yield  a  correct  measurement  of  the  areas 
will  be  evident  by  ian  inspection  of  the  terms  of  the  general  expres- 

sion  of  area  =  '\"2"'"2^"'"Q(  ^  "§"'  ^^^^^  ^®  placed  against 
the  several  lines  of  the  table  of  ordinates.  And  it  will  be  equally 
apparent,  that  the  sum  total  of  the  figures  inserted  in  the  right- 
hand  columns  appropriated  to  each  section  is  a  sub-multiple  of 
the  area  of  each  section,  and  that  these  results  arising  from  the 

use  of  the  form  for  area  of'(-o+2P-f-Q>  will  be  one-half  of 

those  that  would  be  obtained  by  abstracting  the  ordinates  from  the 
table,  page  467,  and  using  them  in  the  expression  A  •+  4  P  +  2  Q ; 
and  therefore  to  complete  the  calculation  for  the  areas  by  the  rule, 

2r 
the  first  results  for  the  areas  must  be  multiplied  by  -o-,  and  the 

r 
last  by  o,  where  r  is  equal  to  the  common  interval  or  equal  divi- 
sion of  the  base  in  linear  feet ;  or  the  part  of  the  expression  for 
-Q  +  2  P  -I-  Q  V  must  be  multiplied  by  -g-,  to  make  it 

equivalent  to  {A  +  4P  +  2  Q}  X  |. 

The  sub-multiples  of  the  areas  of  the  vertical  sections  thus  deter- 
mined, require  to  be  summed  together  for  the  solid  of  displacement, 
and  by  considering  the  sub-multiples  of  the  areas  to  be,  as  before 
stated,  represented  by  lines  or  proportionate  ordinates,  O'Neill's 
rules,  by  the  same  table  of  ordinates  with  an  additional  column,  may 
be  made  available  to  the  development  of  the  solid  of  displacement. 
For  the  sectional  areas  being  represented  by  lines,  by  the  first  rule, 
one-half  the  first  and  last  areas,  added  to  the  sum  of  the  products 
arising  from  multiplying  the  even  ordinates  or  representative  areas 
by  two,  together  with  the  odd  ordinates  or  the  areas  as  given  by 
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the  tables,  and  these  being  placed  in  the  additional  column  of  the 
table  prepared  for  them,  the  sub-multiple  of  the  solid  of  displace* 
ment  will  be  given. 

The  operation  will  stand  thus:   Sub-multiple  of  each  of  the 

areas  =«  •(•2+2P  +  Q>,or  each  area  will  be  -g-  less  than  the 

full  result,  and  the  representative  lines  for  the  areas  will  be  dimi- 
nished in  that  proportion ;  and  having  used  these  sub-multiples  of 
the  areas  thus  diminished  in  the  second  operation  for  obtaining  the 
sub-multiple  of  the  solid  of  displacement  under  the  same  rule,  the 

results  will  again  be  -^  less  than  the  true  result ;  therefore  the 

sum  thus  determined  will  have  to  be  multiplied  bj  the  quanti^ 

-Q-  X  -g-,  to  give,  the  solid  required.      In  this  expression,  of 

2r      2r^ 

-^  X  —Q-j  r  =  the  equal  distances  taken  in  the  vertical  planes  to 

obtain  the  respective  vertical  areas ;  r' » the  equal  distances  at  which 
the  vertical  areas  are  apart  on  the  longitudinal  plane  of  the  ship. 

The  displacement  being  thus  determined,  by  an  arrangement  of 
an  enlarged  table  of  ordinates,  the  functions  arising  from  the  sub- 
multiples  of  the  areas  of  the  vertical  sections  being  placed  in  O^Neill's 
rules  to  ascertain  the  displacement,  may  be  used  in  the  table  of 
ordinates  to  find  the  distance  of  the  centre  of  gravity  of  the  im- 
mersed body  from  any  assumed  vertical  plane ;  and  also  the  dis- 
tance that  the  same  point — '^  the  centre  of  gravity  of  displacement" 
— is  in  depth  from  the  load-water  or  line  oi  deepest  immersion,  and 
that  from  the  considerations  which  follow  :— 

In  a  system  of  bodies,  the  centre  of  gravity  of  it  is  found  by 
multiplying  the  magnitude  or  density  of  each  body  by  its  respective 
distance  from  the  beginning  of  the  system,  and  dividing  the  sum 
of  such  products  by  the  sum  of  the  magnitudes  or  densities.  The 
displacement  of  a  ship  may  be  considered  as  made  up  of  a  suc- 
cession of  vertical  immersed  areas ;  and  if  it  be  assumed  that  the 
moments  arising  from  multiplying  the  area  of  each  section  by  its 
relative  distance  from  an  initial  plane  may  be  represented  by  suc- 
cessive lineal  measurements,  the  general  rules  will  furnish  the  sum- 
mation of  such  moments ;  and  the  displacement  or  sum  of  the  areas 
has  been  obtained  by  a  similar  process,  from  whence,  by  the  rule 
for  finding  the  centre  of  gravity  of  a  system  as  before  given,  the 
distance  of  the  common  centre  of  gravity  from  the  assumed  initial 
plane  would  be  ascertained,  by  dividing  the  sum  of  the  moments  of 
the  areas  by  the  sum  of  the  areas  or  the  solid  of  displacement. 

To  extend  this  reasoning  to  the  enlarged  table  of  ordinates  used 
for  the  second  method  of  calculation :  The  sub-multiples  of  the 
respective  areas,  when  put  into  the  formulas  to  obtain  the  proper* 
tionate  solid  of  displacement,  are  relatively  changed  in  value  to 
give  that  solid,  and  consequently  the  moments  of  such  functions  of 
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the  vertical  areas  will  be  to  each  other  in  the  same  ratio ;  and  the 
sum  of  these  proportionate  moments,  if  considered  as  lines,  can  be 
ascertained  by  multiplying  the  functions  of  the  areas  by  their  rela- 
tive distances  from  the  assumed  initial  plane,  or  by  the  number  of 
the  equal  intervals  of  division  they  are  respectively  from  it,  and 
afterwards,  by  the  rules,  summing  these  results,  forming  the  sum 
of  the  moments  of  the  sub-multiples  of  the  functions  of  the  verti- 
cal areas :  and  the  proportionate  sub-multiple  for  the  displacement 
18  shown  on  the  table;  the  division  therefore  of  the  former,  or  the 
sum  of  the  proportional  moments  of  the  functions  of  the  areas,  by 
the  proportionate  sub-multiple  for  the  displacement,  will  give  the 
distance  (in  intervals  of  equal  division)  that  the  centre  of  gravity 
of  the  displacement  is  from  the  initial  plane,  which  being  multi- 
plied by  the  value  in  feet  of  the  equal  intervals  between  the  areas, 
will  give  the  distance  in  feet  from  the  assumed  initial  plane,  or  from 
the  Extremity  of  the  base  line  of  the  proportional  sectional  areas 
for  displacement.  This  reasoning  will  apply  equally  to  finding  the 
position  of  the  centre  of  gravity  of  the  body  immersed,  both  as 
respects  length  and  depth,  and  on  the  enlarged  tables  for  construc- 
tion given,  (pages  484  and  485,)  the  constructor,  by  adopting  this 
arrangement,  will  at  once  have  under  his  observation  the  calcula- 
tions on,  and  the  results  of^  the  most  important  elements  of  a  naval 
construction. 

The  foregoing  tabular  system,  for  the  application  of  O'Neill's 
rales  to  the  calculations  required  on  the  immersed  volume  of  a 
ship's  bottom,  led  to  a  lineal  delineation  of  the  numerical  results 
of  the  tables,  and  thence  the  development  of  a  curve  of  sectional 
areas,  on  a  base  equivalent  to  the  length  of  the  immersed  portion 
of  the  body,  or  of  the  length  at  the  load-water  line.  To  effect 
this,  the  sub-multiples  of  the  sectional  areas,  taken  from  the  tables 
for  calculation,  are  severally  divided  by  such  a  constant  number  as 
to  make  their  delineation  convenient;  then  these  thus  further 
reduced  sub-multiples  of  the  areas,  being  set  off  at  their  respective 
positions  on  the  base,  formed  by  the  length  of  the  load-water  line, 
a  curve  passed  through  the  extreme  points  of  these  measurements, 
will  bound  an  area,  that  to  the  depth  used  for  the  common  divisor 
would  form  a  zone,  representative  of  the  solid  of  displacement. 
The  accuracy  of  such  a  representation  will  be  easily  admitted,  if 
the  former  reasoning  is  referred  to.  ' 

To  obtain  the  solid  of  displacement  from  this  representative  area, 
the  load-water  line  or  plane  of  deepest  immersion  is  considered  as 
being  divided  lengthwise  into  two  equal  parts,  which  assumption 
divides  the  base  of  the  curve  of  sectional  areas  also  into  two  equal 
portions :  the  line  of  representative  area  to  that  medial  point  is 
then  drawn  to  the  curve,  and  triangles  are  formed  on  each  side  of 
it  by  joining  the  point  where  it  meets  the  curve  with  the  extremi- 
ties of  the  base  line ;  this  arrangement  divides  the  representative 
area  into  four  parts,  two  triangles  which  are  equal,  viz.  1  and  2, 
and  two  other  areas  which  are  contained  under  the  hypothenuse  of 
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these  triangles  and  the  corres  of  sections,  or  8  and  4  of  the  i 
nezed  diagram. 

Diagram  of  a  Curve  of  Sectional  Arecu. 


ABGDA  equal  sectional  area,  representatire  of  the  half  displace- 
ment as  a  zone  of  a  given  common  depth. 

AG  equal  the  length  of  the  load-water  section  from  the  fore-side 
of  the  rabbet  of  the  stem  to  the  aft-side  of  the  rabbet  of  the  post, 
and  D  the  point  of  equal  division. 

BD,  the  representative  area  of  half  the  immersed  vertical  sec- 
tion at  the  medial  point  D,  joining  B  with  the  points  A  and  C,  will 
complete  the  division  of  the  representative  area  ABGDA. 

ABD  and  GBD,  under  such  considerations,  are  equal  triangle 

BEGB,  BFAB,  areas,  bounded  respectively  by  the  hypothennac 
AB  or  BG  of  the  triangles  and  the  curve  of  sectional  areas ;  and, 
supposing  the  curves  AFB  and  BEG  to  be  portions  of  common 
parabolas,  the  solid  of  displacement  will  be  in  the  following  terms : 

The  area  of  each  of  the  triangles  is  equal  to  i  of  AC  X  BD; 
hence  the  sum  of  the  two  =  }  of  AG  X  BD :  the  hypothenuse  AB 

or  BG  =  j[(-2")   +  BD«],  and  the  area  of  BEGB  if  consi- 

dered  as  approximating  to  a  common  parabola  =  J  [_  \"^)  "^  BD' J 
X  )  of  the  greatest  perpendicular  on  the  hypothenuse  BG. 
Area  of  BFAB  under  the  same  assumption  =  J  [  (^"o")  +  BD'J 

X  }  of  the  greatest  perpendicular  on  the  hypothenuse  AB ;  whence 
the  whole  displacement  will  be  expressed  by  ^  AG   x  BD  X 

J  r(-o-)  +  BiyJ  X  I  of  the  greatest  perpendicular  on  the  hypo- 
thenuse BG  +  J[(-2")  +  BD*]  X  I  of  the  greatest  perpendi- 
cular on  the  hypothenuse  AB. 

By  a  similar  method,  from  the  light  draught  of  water,  or  the 
depth  of  immersion  on  launching  the  ship,  the  light  displacement, 
or  the  weight  of  the  hull  or  fabric,  may  be  delineated  and  esti- 
mated ;  and  the  representative  curve  for  it  being  placed  relatively  on 
the  same  base  as  that  used  for  the  representative  curve  for  the  load 
displacement,  the  area  contained  between  the  curve  bounding  the 
representative  area  for  the  load  displacement,  and  the  curve  bound- 
ing the  representative  area  for  the  light  displacement,  will  be  a  repre- 
sentative area  of  the  sum  of  the  weights  to  be  received  on  board, 
and  point  out  their  position  to  bring  the  ahip  from  the  light  line 
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of  flotation,  or  the  line  of  immersion  due  to  the  weight  of  the  hall 
when  completed  in  every  respect,  to  that  of  the  deepest  immersion, 
or  the  proposed  load-water  line  of  the  constructor — a  representa- 
tion that  would  enable  the  constructor  to  apportion  the  weights  to 
be  placed  on  board  to  the  upward  pressure  of  the  water,  and  thence 
approximate  to  the  stowage  that  would  insure  the  easiest  movements 
of  a  ship  in  a  sea. 

By  an  inspection  of  the  diagram  of  the  curve  of  sectional  areas, 
it  will  clearly  be  seen  that  the  representative  area  for  displacement 
under  the  division  of  it,  into  the  triangles  1  and  2,  and  parabolic 
portions  of  the  area  8  and  4,  will  point  out  the  relative  capacities 
of  the  displacement,  under  the  fore  and  after  half-lengths  of  the 
base  or  load- water  line ;  for,  by  construction,  the  triangles  ABD 
and  CBD  are  equal,  and  therefore  the  comparative  values  of  the 

areas  BECB  and  BFAB,  or  of  J[(-2")  +  ^^*]  >^  i  ^^  t^e 
greatest  perpendicular  on  the  hypothenuse  BO,  compared  with 
-ft-)  +  Bi)*J  X  f  of  the  greatest  perpendicular  on  the  hypo- 
thenuse AB,  or  of  the  relative  values  of  the  greatest  perpendicu- 
lars on  the  hypothenuses  BG  and  AB,  will  give  the  relative  capaci- 
ties of  the  fore  and  after  portions  of  the  immersed  body  or  the  dis- 
placement. 

The  representative  area  ABGDA  admits  also  of  a  measurement 
by  the  second  rule. 

Let  BD,  as  before,  be  the  representative  area  at  the  middle  point. 


j[( 
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Divide  AD  or  DQ  into  three  equal  portions,  then  the  equal  divi- 
sions being  a  multiple  of  8,  the  second  rule  is  applicable  to 
measure  the  areas  ABDA  or  BODB;  for  the  area  ABDA  » 

I  6,6  +  BD  +  2  X  0  +  8  {4,4  -f-  5,5}  l^;  6,6  =  0; 

(  1D0 

=  -j  BD  +  8  {4,4  +  6,5}  V-g-  ;  and  area  BCDB  = 

1 1,1  +  BD  -h  2  X  0  +  8  X  {2,2  +  8,8}  |^, where  1,1=0 
I  BD  +  8  X  {2,2  +  8,8}  j-g"  *="  BCDB,  and  the  displace- 
ment - 1  BD  +  8  x  {4,4  +  5,5}  |  ^  + 1  BD -h  8  x  {2,2  +  8,8}  I 

AD 

X  -g-  X  by  the  constant  divisor  of  the  areas,  or  the  depth  of  the 

sone  in  feet 
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The  rules  giren  bj  O'Neill  for  the  measurement  of  the  im- 
mersed portion  of  the  body  of  a  ship,  having  been  theoretically 
stated,  the  practical  application  of  them  will  be  given  on  the  con- 
struction. 

The  immersed  part  of  a  ship,  being  a  portion  of  the  parallelopi- 
pedon  formed  by  the  three  dimensions ; — ^length  on  the  load- water 
line,  from  the  foreside  of  the  rabbet  of  the  stem  to  the  aftside 
of  the  rabbet  of  the  stem-post ;  extreme  breadth  in  midships  of  the 
load-water  section ;  and  depth  of  immersion  in  midships  from  the 
lower  edge  of  the  rabbet  of  the  keel ; — ^it  would  seem  that  the  first 
step  towards  the  reduction  of  the  parallelopipedon,  or  oblong,  into 
the  required  form,  would  be  to  find  what  portion  of  it  would  be  of 
the  same  contents  as  the  proposed  displacement  of  the  ship — a 
knowledge  of  which  would  enable  the  constructor,  by  a  comparison 
of  the  result  with  a  similar  element  of  an  approved  ship,  to  deter- 
mine whether  the  principal  dimensions  assumed  would  (under  the 
form  intended)  give  an  immersed  body  equal  to  carrying  the  pro- 
posed weights  or  lading. 

The  relative  capacities  of  the  immersed  bodies  contained  under 
the  fore  and  after  lengths  of  the  load-water  line  must  next  be  fixed, 
and  the  constructor  in  this  very  important  element  of  a  construc- 
tion will  find  little  to  guide  him  from  the  results  of  past  experience 
and  practice.  From  deductions  on  approved  ships  of  rival  con- 
structors it  will  be  developed,  that  in  this  essential  element,  ^*  the 
relative  difference  between  the  two  bodies,*'  they  vary  fronx  1  to 
ISjper  cent,  on  the  whole  displacement. 

The  relative  capacities  of  the  fore  and  after  bodies  of  immersion 
under  the  proposed  load-water  line  would  seem  at  the  first  glance 
of  the  subject  to  be  a  fixed  and  determinate  quantity,  as  being  a 
conclusion  easily  arrived  at  from  a  knowledge  of  the  proportions 
due  to  the  superincumbent  weights — under  such  a  consideration,  the 
weight  of  the  anchors,  bowsprit,  and  foremast  would  necessarily  be 
supposed  to  require  an  excess  in  the  body  immersed  under  the  fore 
half-length  of  the  load-water  line  over  that  immersed  under  the 
after  half-length  of  the  same  element. 

In  a  ship,  the  necessary  arrangement  of  the  weights,  to  preserve 
the  proposed  relative  immersion  of  the  extremes  or  the  intended 
draught  of  water,  would  be  pointed  out  by  a  delineated  curve  of 
sectional  areas,  described  as  before  directed ;  but  a  want  of  that 
system,  or  of  some  other,  has  often  caused  an  error  in  the  actual 
draught  of  water,  and  that  under  a  great  relative  excess  of  the 
volumes  of  displacement  in  the  fore  and  after  portions  of  the  im- 
mersed body. 

The  men-of-war  brigs  built  to  a  construction-draught  of  water 
12  ft.  9  in.  forward,  14  ft.  4  in.  abaft,  giving  1  ft.  7  in.  difference, 
had  under  such  a  construction  a  difference  of  displacement  between 
the  immersed  bodies  under  the  fore  and  after  half-lengths  of  the 
load-water  line  that  was  equivalent  to  10-4  tons  for  every  100  tons 
of  the  vessel's  total  displacement  or  weight ;  but  these  cmips,  wh«i 
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atowed  and  equipped  for  sea,  came  to  the  load-draught  of  water  of 
14  ft.  2  in.  forward,  14  ft.  3  in.  aft, — di£ference  1  inch,  or  an  immer- 
aion  of  the  fore  extreme  of  18  inches  more  than  was  intended  by 
the  constructor.  The  reason  of  this  practical  departure  from  the 
proposed  line  of  flotation  of  the  constructor  was,  that  the  inter- 
nal space  or  hold  of  the  ship  necessarily  followed  the  external  form, 
giving  a  hold  proportionate  to  the  displacement  contained  under  the 
several  portions  of  the  body;  but  an  injudicious  disposal  of  the 
stores  (in  placing  the  weights  too  far  forward)  made  them  more  than 
equivalent  to  the  upward  pressure  of  the  water  at  the  respective 
portions  of  the  proposed  immersion  of  the  body,  and  thence  arose 
the  error  or  excess  in  the  fore  immersion  by  giving  a  greater  draught 
of  water  than  was  designed.  The  stowage  of  a  ship's  hold,  under 
a  reference  to  the  representative  area  for  the  displacement,  con- 
tained between  the  curves  of  sectional  areas  developed  for  the  light 
and  load  displacements,  would  prevent  similar  errors  under  any 
extent  to  which  the  relative  capacity  of  the  two  bodies  might  be 
carried.  This  relative  capacity  of  the  two  bodies  will  affect  the 
form  of  the  vessel's  extremes,  giving  a  short  or  long  bow,  a  clear 
or  full  run  to  the  rudder ;  for  the  wh<^e  displacement  beinff  a  fixed 
quantity^  if  the  portion  of  it  under  the  fore  half-length  of  the  load- 
water  line  be  inerea$ed^  it  must  be  followed  by  a  proportionate  dimi- 
ntUion  of  the  portion  of  the  displacement  under  the  after  half-length 
of  the  load-water  line,  so  that  the  total  volume  of  the  displacement 
way  remain  the  same,  which  arrangement  will  give  a  proportionately 
full  bow  and  clean  run,  and  vice  versd. 

The  curve  of  sectional  areas  under  the  foregoing  considerations 
is  also  applicable  to  a  comparison  of  the  relative  qualities  of  ships 
of  the  same  rate,  by  showing  at  one  view  the  distribution  of  the 
volume  of  displacement  in  each  ship,  under  the  draught  of  water 
which  has  been  found  on  trial  to  give  the  greatest  velocity ;  based 
on  which,  deductions  may  be  made  from  the  relative  capacities  of 
the  bodies  pointed  out  by  the  sectional  curves,  that  will  serve  to 
guide  the  naval  constructor  in  future  constructions. 

The  curve  of  sectional  areas  is  also  available  for  forming  a  scale 
to  measure  the  amount  of  displacement  of  a  ship  to  any  assumed 
or  given  draught  of  water.  To  effect  this,  on  the  sheer  draught  or 
longitudinal  plan  of  the  ship  between  the  load-water  line,  or  that 
of  deepest  immersion,  and  tne  line  denoting  the  upper  edge  of  the 
rabbet  of  the  keel,  draw  intermediate  lines  parallel  to  the  load- 
water  line  as  denoting  lines  of  intermediate  immersion  between  the 
keel  and  load-water  line ;  these  lines  may  be  placed  equidistant 
from  each  other,  but  they  are  not  necessarily  required  to  be  so. 
Find  the  curve  of  sectional  areas,  due  to  each  immersion  of  the 
ship  denoted  by  these  lines,  and  measure  the  areas  bounded  respec- 
tively by  these  curves,  in  the  manner  as  before  directed  for  the  load 
displacement :  these  results  will  give  the  magnitudes  of  the  im- 
mersed portions  of  the  body  in  cubic  feet,  which  being  divided  by  85, 
the  mean  of  the  number  of  cubic  feet  of  salt  or  fresh  water  that 
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are  equivalent  to  a  ton  in  weight,  will  give  their  respective  weights 
in  tons. 

Assume  a  line  of  scale  for  depth,'  or  mean  draught  of  water,  the 
lower  part  of  which  is  to  be  considered  the  underside  of  the  false 
keel  of  the  ship,  and  set  off  on  this  line,  by  means  of  a  scale  of 

!>arts,  the  depths  of  the  immersions  at  the  middle  section  of  the 
ongitudinal  plan ;  draw  lines  (at  the  points  thus  obtained)  perpen- 
dicular to  this  assumed  line  for  depth  or  draught  of  watea,  and 
having  determined  a  scale  to  denote  the  tons,  set  off  on  each  line 
by  this  scale  the  tons  ascertained  by  the  curves  of  sectional  areas 
to  be  due  to  the  respective  immersions  of  the  body ;  then  a  curve 
passed  through  these  points  will  be  one  on  which  the  weights  in  tons 
due  to  the  intermediate  immersions  of  the  body  may  be  ascertained; 
or,  the  displacement  of  a  ship  to  the  mean  of  a  given  draught  may 
be  found  by  setting  up  the  mean  depth  on  the  scale,  showing  the 
draught  of  water — transferring  that  depth  to  the  curve  for  tonnage, 
and  then  carrying  the  point  thus  obtained  on  the  curve  for  tonnage 
to  the  scale  of  tons,  which  will  give  the  number  of  tons  of  displace- 
ment to  that  depth  of  immersion  or  draught  of  water. 

De»cription  of  the  several  pAns  to  he  delineated  by  the  draugli*- 
mariy  previoue  to  the  commencement  of  the  caleuiationg. 

Sheer  Plan. — A  projection  of  the  form  of  the  vessel  on  a  longi- 
tudinal and  vertical  plane,  assumed  to  pass  through  the  middle  of 
the  ship,  and  on  which  the  position  of  any  point  in  her  may  be 
fixed  with  respect  to  hei^t  and  length. 

Halfbreadth  Pbn.-— The  form  of  the  vessel  projected  on  to  a 
longitudinal  and  horizontal  plane,  assumed  to  pass  through  the  ex- 
treme length  of  ship,  and  on  which  the  position  of  any  point  in 
the  ship  may  be  fixed  for  length  and  breadth. 

Body  Plan. — The  forms  of  the  vertical  and  athwartship  sections 
of  the  ship,  projected  on  to  a  vertical  and  athwartship  plane, 
assumed  to  pass  through  the  largest  athwartship  and  vertical  sec- 
tion of  her,  and  on  which  plan  the  position  of  any  point  in  the  ship 
may  be  fixed  for  height  and  breadth. 

These  plans  conjointly  will  determine  every  possible  point  re- 
quired ;  for,  by  inspection,  it  will  be  found — 
That  the  sheer  and  half-breadth  plans  have 

one  dimension  common  to  both,  viz.: Length. 

Half-breadth  and  body  plane Breadth. 

Sheer  and  body  plane Height. 

For  sheer  plan  gives  length  and  height ^  ^^  .r  ^  ^  _^ 

Half-breadth  plan  gives  length  and  breadth  y^  J^iT^ 
Body  plan  gives  breadth  and  height J       ^  ^ 

Which  dimensions  form  the  co-ordinates  for  any  point  in  the  solid, 
and  must  determine  the  position  of  it. 

The  point  G  in  the  load-water  section  AB,  has  for  its  co-ordi- 
nates to  fix  hs  position, 
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The  lengthy  1*5  of  the  half-breadth  plan. 
Height,  S*C  of  the  sheer  plan, 
Andthe  breadth,  1*0  of  the  body  plan  of  section. 
And  the  same  for  any  other  point  of  the  solid  or  of 'the  ship. 

In  the  dieer  plan,  AB  represents  the  line  of  deepest  immersion, 
aojbbf  ccj  ddj  lines  drawn  parallel  to  that  line  at  a  distance  of 
*9  feet,  making  with  AB  an  odd  number  of  ordinates  for  the  use  of 

T 

the  first  general  rule  for  the  area,  where  area  »{A  +  4P  +  2Q}Xg, 
snd  A  B"  the  sum  of  the  first  and  last  ordinates. 
P  »  the  sum*  of  the  even  ordinates,  as  2,  4. 
Q  »  the  sum  of  the  odd  ordinates,  as  8,  &;c. 

The  line  AB,  or  length  of  the  load-water  line,  is  bisected  at  C, 
and  AG,  GB  are  thence  equal ;  G  being  the  middle  point  of  the 
load-water  line,  the  spaces  BG,  AG  are  again  divided  into  four 
equal  divisions,  giving  five  ordinates  for  each  space,  at  a  distance 
apart  of  5*5  feet. 

This  arrangement  will  give  the  immersed  body  of  the  vessel,  as 
being  divided  into  two  parts  under  an  equal  division  of  the  load- 
water  line,  and  an  odd  number  of  ordinates  in  each  section  of  the 
body  for  the  application  of  the  first  general  rule  given  for  finding 
the  areas  of  the  vertical  sections  and  thence  the  displacement. 

The  half-breadth  plan  delineates  the  form  of  the  body  immersed 
for  length  and  breadth,  the  line  AB  of  the  sheer  plan  being  repre- 
sented in  the  hsJf-breadth  plan  by  the  line  marked  AB,  and 
aa^  bbf  ccj  ddj  of  the  sheer  plan  by  the  lines  similarly  distin- 
guished in  the  half-breadth  plan. 

The  body  plan  gives  the  form  of  the  body  in  the  depth,  the  lines 
distinguished  5*5  in  the  sheer  and  half-breadth  plans  being  in  the 
body  plan  developed  by  the  curve  5*5*5,  giving  the  external  form 
of  the  ship  at  the  section  5*5 ;  the  same  reasoning  applies  to  the 
other  divisions  of  the  load- water  line  AB. 


A  pile  of  400  lbs.  weight  is  driven  by  the  last  rounds  of  20  blows, 
of  a  500  lbs.  heavy  ram,  falling  from  a  height  of  5  feet ;  6  inches 
deeper,  what  resistance  will  the  ground  ofier,  or  what  load  will  the 
pile  sustain  without  penetrating  deeper  ?  ^.^ 

Here  G  «  400,  G^  «  700  lbs.,  H  =  5,  and  «  «  g^  =  0*025  feet, 

whereby  it  is  supposed  that  the  pile  penetrates  equally  far  for 
each  blow. 

_       /       700      \M00  X  5       /  7  x«      ^^^^^        ^^^^^  ,^ 

^  --  (700  +  400)  -F025-  ==•  (n)   ^  80000  =  82400  lbs., 
the  ram,  not  during  penetration,  remaining  upon  the  pile. 
700*  X  5         4900 

P  — 1100  X  0*025  "*  "IF  ^  ^^®  '^  89100  lbs.,  the  ram  remain- 
in^upon  the  pile  during  penetration. 

Tor  duration,  with  security,  such  piles  are  only  loaded  from  ^ 
to  A  of  their  strength, 

80 
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"1 


IHncipal  Dimensions. 

Ft.  IB. 

Length  for  Tonnage 45  0 

Keel  for  Tonnage 36  10} 

Breadth  for  do 13  6 

Burthen  in  Tons 35  }} 


AB,  Load-water  Idne. 

aa\ 

bb  iLines  parallel  to  AB  at  ftfae 

cc  I    distanoe of '92  feet  apart. 

dd) 

Draught  of  Water. 

It.  !«. 

Afore 4  6 

Abaft. ^.7  6 
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Calculations  required  far  the  construction  draw- 
ing of  a  yacht  of  86  tons.—lst.  Usual  mode  of 
calculating  the  displacement  by  vertical  and 
horizontal  sections. 


Table 

of  Ordinates  for 

TaeM 

0/86  Tons. 

I'A 
ST 
8'Q 
4'P 
5' A 

1 

2 

8 

4 

(«) 

6 

7 

8 

9 

iWMBtlMOrdl- 
M*tM  QMd  for 
ih«T6rtlMlwo- 

«i0ll  =  -«f<Mt. 

rf=«lMdlita]iMlM- 
twMaiheordl- 
B«tM  iia«d  for 
the  horiiontel 
leetlou  =  «*6 
foet 

•4 

8-0 

6^0 

6-0 

6-8 

61 

6-4 

8-7 

•4 

•86 

2-4 

4-2 

6-6 

5  6 

6-6 

4-4 

2-6 

•86 

•8 

1-7 

8-2 

4-4 

6-0 

4-6 

8-4 

1-7 

•8 

•26 

1-0 

2-2 

8-2 

8-8 

8*4 

2-4 

11 

•26 

•2 

•4 

1-8 

20 

24 

20 

1-4 

•6 

•2 

From  this  Table  the  following  application  of 
O'Neiirs  role,  No.  1,  is  usually  made  to  obtain 
the  volume  of  displacement  to  the  draught  of 
water  shown  on  the  drawing  as  the  loa£water 
line,  or  line  of  proposed  deepest  immersion,  de- 
signated by  AB. 

General  terms  of  the  rule : — 


Area 


{ 


A  +  4P  +  2 


«} 


X  g. 


To  find  ^  the  area  of  vertical  section  1,  fore 

body : — 

A^Bumofj  ^UP-sfourtimesthesuml  '85 
the  first  >        of  theeyenordinateSy  > 
andlast  j  -^j    or  of  (2)  and(4) j  -26 

•6  =  A  -eo-p 

4' 

2-4  «4  P 

2  Q  »=  twice  the  sum  of  the  odd  1        '8  =  Q 

ordinates,  or  of  (8)  /  X    2 

"^-2Q 
Whence  the  area,  which  is  equal  to 

/A  +  4P  +  2Q}xg-|-6  +  2-4+-6|x^. 
•92 


8-6  X 
section  1. 


3 


1-2  X  -92  «  1-104  «  i  area  of 


Which  sum  is  half  the  area  of  the  section  1,  and  is  kept  in  that 
form  of  the   half-measurement  for  the  coAvenience  of  calcula- 


« 
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Ftna  BoDT. 

Vertieal  Section  2. 

8-0 

2-4 

1-7 

•4 

10 

2 

8-4. 

-A                84  -  P 
4 

18-6 -4P 
8-4 -A 
8-4  -  2  Q 
20-4-A  +  4P  +  2Q 
•92 -r 
40d 
1886 
8)18-768 

6-256  —  1  area  of  Section  2. 

Vertieal  Section  8. 

3-4 -2Q 

5-0 

4-2 

8-2 

1-8 

2-2 

2 

6-8. 

-A      6-4  -  P 
4 
25-6 -4P 
6-8  -  A 
6-4  -  2  Q 

88S-A  +  4P  +  2Q 
•92 -r 
766 
8447 
8)85-2S6 

6-4  »2Q 

11-746  -A  +  4P  +  2QXg-J 

area  of  Sections. 

Vertical  Section  4. 

60 

6-6 

4-4 

20 

8-2 

2 

80 

-A       8-8  -  P 
4 
85-2 ->  4  P 
8-0  -  A 
8-8  -  2  Q 

520->  A-f  4P-f  2Q 
•92  -  ♦•  - 

1040         * 
4680 
8)47-840 

8^8  -  2  Q 

1 

15-946  -A  +  4P-f2QXg-}j 

urea  of  Section  4. 
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VaHedl  Seetion  5. 
6*8  6'6  6*0 

2^  8;8  __2 

8-7  -  A       9-4  -  P  100  -  2 Q 

4 
87-6 -4P 
8-7 -A 
100  -  2 Q 

66-8-A  +  4P  +  2Q 
•92  T 

1126 
5067 
8)51-796 

17-266  -  A  +  4P  +  2Q  x  g  »  J  area  of  Section  5. 

Half  areas  of  Vertioal  Sections  1,  2,  8,  4,  and  5. 

No.  1 1-104  feet 

2 6-256 

8 11-745 

4....: 15-946 

5 17-265 

Displacement  of  th^  body  vnder  the  fore  half-length  of  the  load- 
water  line  by  the  rertical  Bections,  or  the  sommation  of  the  vertical 
areas  1,  2,  8,  4,  and  5,  by  the  formula  for  the  solid,  as  being 
equal  to 

|a'  +  4F  +  2Q'|  X  g- wher*  A'  =  8nmof  lBtand5tharea«. 

P'  <-  «     2d  and  4th  areas. 

Q'  —  «     8d  area. 
And  r'  »  distance  between  the  rertical  sections,  or  5-5  feet. 

1...  1-104  2...  6-256  8...11-746  -  Q' 

5...17-2e5  4...15'946  2 

18-369  =  A'       22-202  =  P'  28-490  -  2  (^ 

4 

88-808  =  4  P' 
18-869  -  A' 
28490 -2Q' 

180-667- A' -1-4  P' -1-2  Q' 

658335 
658885 

8)718-6685      

289-656  -  A'  +  4  P'-f  2Q'  X  ^-cubic  ft.  of 

2    spacein  I  fore-body.  ** 

479-112  =  cubic  feet  of  space  in  fore-body. 
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Displacement  of  the  body  immersed  ander  the  after  half-length 
of  the  load-water  line  by  the  vertical  areas  6,  6,  7,  8,  and  9  of  the 
Table  of  ordinates. 

Vertteal  Seetum  6. 


6,  u  fore  body.     6-1            6-6 
17-266            2-0            8-4 

8-1 -A     8-9 -P 
4 
g6^-4P 
8-1 -A 
9-2-2Q 

62-9-A  +  4P  +  2Q 
•92 -r 

4-6— Q 

2 
^  — 2Q 

1058 
4761 

8)48-668 

16-222 -A+4P+2QX3. 

Vertical  Section  7. 
5.4             4.4 

1-4             2-4 

_/Jare»af 
\  Section  6. 

8-4 -Q 

2 

6-8-A     6-8-P 
4 
2f2-4P 
6-8 -2  Q 
6-8  «  A 

6-8 -2Q 

40-8-A  +  4P  +  2Q 
•Sf2-r 
816 
8672 

8)87-586 

"\  Section  7. 

17 -Q 
•2 
8-4 -2Q 

12-612 -A+4P+2Qxg 

Vertical  Section  8. 
8-7             2-6 
•6             1-1 

4-8- A     8-7 -P 
4 
14-8 -4  P 
4-8 -A 
8-4<-2Q 
22-5-A  +  4P  +  2Q 
•92 -r 
450 
2025 

8)20-700 

■\  Section  8. 

6-9     -  A+4P+2QXg. 
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Vertieai  Section  9. 
•4  -85  '8  —  Q 

^  j26  2 

•6-A      -60 -p  "^-aq 

4 
2^-4P 

•6-A 
j6-2Q  ^ 

8-6- A  +  4P  +  ?Q 
•92 -r 

72 
824 

8)8-812     ^ 

1104  -A  +  4P  +  2QXg-}areaof  Section  9. 

Half  areas  of  the  vertical  sections  5,  6,  7, 8,  and  9. 

■Mklrai.  ir— ■ 

6 17-265 

6 16-22 

7 12-512 

8 6-9 

9 1-104 

Displacement  of  the  after-body  under  the  after  half-length  of  the 
load-water  line  by  the  vertical  sections,  or  the  sammation  of  the 
immersed  areas  of  the  vertical  sections  5,  6,  7,  8,  and  9  by  the 
formnla  for  the  solid  as  being  equal  to 

A'  +  4P'-|-2Q'  x^ 

where  A'  —  stun  of  the  5th  and  9th  areas. 
P'  »  «        6th  and  Stii  areas. 

Q'  -  "        7th  area. 

and  f'  *B  the  distance  between  the  vertical  sections,  or  5-5  ft. 

6...17-266  6...16-22  7...12-612  -  Q' 

9;..  1-104  8...  6-900  2 

iS^lS^  -  A'  28-120  -  P'  25-024  -  2  Q' 

4 

92-480- 4  P' 
25-024  -  2  Q' 
'     18-869  -  A^ 

135-878-A'-f4P'-f2Q' 

5^-r 

679-865 
67-936 

8)747-8015    . 

249-1005  -A'+4P'+2  Q'x  ^-cubioi^. 

2      in  j,  after-body.  * 

498-2010  After-body  in  cubic  ft.  of  space. 
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DiBplaeement  of  Fore-body  by  Horizontal  Sections. 

Sorizontai  Seetion  V. 

0-4 

60                                           6-0  -  Q 

6-8 

80                                              2 

6^. 

-  A'          90  -  P                                10-0  »  Q 
4 

8600 -4P 

1000  -  2 Q 

6-70  -  A . 

62-70- A  +  4P  +  2Q 

6-5 -r 

2685 

2685 

8)289-85 

96-61 -A  +  4P  +  2QX  T.  |we»  of  Section  1'. 

fforwmtai  Seetion  2'. 

•85 

6T                                        4-2  -  Q 

6-60 

2-4                                           2 

6-96 

-A            8-1 -P                                8-4 -'2Q 
4 
?24-4P 

8-4 -2Q 

6-95 -A 

46-75- A-f  4P  +  2Q 

5-5 -r 

28375 

28875 

8)257-125 

85-708-A  +  4P  +  2Qxr-}ar«»ofSection2'. 

Horizontal  Seetion  S'. 

•8 

4-4                                         8-2  —  Q 

5-0 

1-7                                            2 

5-8- 

«  A           6-1  -  P                                 6-4  —  2  Q 
4 
24-4 -4P 

5-8 -A 

6-4 -2Q 

86-1-A  +  4P  +  2Q 

6-5 -r 

1805 

1805 

8)198-55 

66-18- A  +  4F  +  2Q  X  ^  -iareaof  Section 8'. 
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■  JBorizotOal  Seeiion  4'. 

•25 

8-2 

2-2 -Q 

8-8 

1-0 

2 

405  -  A 

4-2  -P 

4 

16-8  -4P 
4'06-A 
4-40 -2Q 

25-25-A  +  4P  +  2Q 
6-5 -r 

4^4 -2Q 

12625 
12625 


8)188-875 

46-291  -  A  +  4P  +  2Q  X  J  -  {  g*  "JJ «/, 

Soritontal  Section  5'. 
•2  20  1-8  =  Q 

2-6 -A  2-4 -P  2-6 -2Q 

_4 

9-6-4P 
2-6 -A 
2-6 -2Q 

14-8-A  +  4P  +  2Q 
5-5  =  r 

740 
740 

8)81-40 

27-18 -A+TPT2Q  X  r  =  {  l^^^of 

Displacement  of  the  fore-body  under  the  fore  half-length  of  the 
load-water  line  by  horizontal  sections,  or  the  summation  of  the 
horizontal  sections  of  the  fore-body  1^^  2\  8'^  4'|  and  5'^  by  the 
formula  for  the  solid,  as  being  equal  to 

where  A'  «  sum  of  the  I'st  and  5'th  areas ; 

P'  «         "         2'd  and  4'th  areas; 

Q' «         "         8'darea; 
and  r  »  the  distance  between  the  horizontal  sections,  or  *92  feet. 

Half  areas  of  the  Horizontal  Sections  1',  2',  8',  4',  and  5'. 
V  «  96-61. 


2'  -  85-708. 
8'  =  66-18. 


4'  «  46-29. 
6'  =  27-18. 
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l'...96-61           2'...85-708 
6'...27-18           4'...46-290 

8'...6618  -  Q' 
2 

128-74 -A'        181-998 -P' 
4 

182-86- 21^ 

527-992- 4  P' 
128-740 -A' 
182-860- 2  Q' 

784-092-A'  +  4P'  +  2Q' 
•92 -r 

1568184 
7066828 

8)721-86464 

24045      -AH4l»+SQ'xr-{jjJJ^ft;,j; 

480*90      »  fore-body  by  borizontal  sectioiia  in 
cubic  feet  of  space. 

DiBplacement,  by  borizontal  sections  of  the  body  immersed  under 
the  auer  balf-length  of  the  load-water  line,  or  by  the  horixontal 
areas  1',  2',  8'^  4k' ^  and  5',  of  the  table  of  ordinates. 


Caloolated  areas  of  1',  2/  8',  4\ 

and  6'. 

6-8 
•4 

Section  V  After-iody. 
6-1 
8-7 

6-4 -Q 
2 

6-7 -A 

9-8  =  P 
4 

89-2 -4P 

10-8  -  2  Q 

6-7 -A 

66-7-A  +  4P  +  2Q 
6-6 -r 

2886 

10-8 -2Q 

2886 


8)811-86 

W8^-rT4P  +  2Qx^-  {^"25^ 
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8eetUm  2'  After-lody. 


5^6               6-6 

4-4 

•85              2-6 

2 

5-95  »  A     8-1  -  P 

8-8  -  2  Q 

4 

82-40 -4P 

6-95  -  A 

8-80  ->  2  Q 

47-15-A  +  4P  +  2Q 

6-5 -r 

28576 

28575 

8)269-826 

86-441- A  +  4P  +  2Qx^. 

->|  area  of  Section  2' 

SeeUm  8'  Afier^body. 

5-0               4-6 

8-4  -  Q 

•8               1-7 

•2 

5-8  -  A       6-8  -  P 

6-8 -2Q 

4 

25-2 -4P 

5-8- A 

6-8  -  2  Q 

87-8-A  +  4P  +  2Q 

5-6 -r 

1865 

1865 

8)206-15                                  . 

68-38-A  +  4P+2QxJ- 

}  area  of  Section  8' 

Seetion  4'  AfUr-iody. 

8^8               8-4 

2-4 -Q 

•26             11 

2 

4-06  -  A     4-6  -  P 

4-8 -2Q 

4 

18^00-4P 

4-05  -  A 

4-80  -  2  Q 

• 

26-85-A  +  4P  +  2Q 

6-6 -f' 

18426 

18426 

8)147-675                                  ^ 

49-225  -A  +  4P  +  2QXg--iareaof  Section  4'. 
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Seetion  6f  Afier^odjf. 
2-4  2-0  1-4 «  Q 

_;2  _j6  2 

2-6 -A       2-6 -P  2?aB2Q 

4 
10-4 -4P 
2-8  -  2  Q 
2-6 -A 

16-8  -  A  +  4P  +  2Q 
6-6-1^ 
"790 
790 

8)86-90       ^ 

28-96  -A-f4P  +  2QXg--|areaof  Section  6'. 

Displacement  by  horizontal  sections  of  the  after-body  nnder  die 
after  half-length  of  the  load-vater  line,  or  the  summation  of  the 
horiiontal  sections  of  the  after-body,  1',  2',  8',  4',  and  6',  by  the 
formola  of  the  solid,  as  being  equal  to 

A'-|-4P'  +  2Q'Xg^. 
Half  areas  of  the  After  Horizontal  Sections,  1',  2',  8',  4\  and  Sf. 

r 108-95. 

2' 86-44. 

8' 68-38. 

4' 49-22. 

6' 28-96. 


l'...103-95 
6'...  28-96 

2'...86-44 
4'...49-22 
A'      186-66  -  P' 

8'...68-88  -  <y 
2 

182-91  = 

186-76 -2( 

642-64- 4  P' 
132-91  -  A' 
186-76- 2  Q' 

812-81-A'-H4P'-H2Q' 
•92 -r 

162462 
731079 
8)747-8252 

r 

249-1084  -A' -1-4 P'-f  2Q'  X  I  -cubic 

2    j[  after-body  by  horizontal  sectioiiB. 

498*2168  »  After-body  by  horizontal  sections 
in  onbio  feet  of  space. 
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BIBFIiAOKBCEMT. 

By  Vertical  Sections.  By  Eorizmtal  Seetion%. 

Cable  re«t  OcMo  FmI. 

Foro-body  (p.  469)  479-11      Pore-body  (p.  4T4)  480-900 
Afker-body  (p.  471)  498-20      After-body  (p.  476)  498-216 

Sum  977-80  Sum  979-116 

Half  488-65  Half  489-558 

OBUflFMt. 

By  Horiaontal  Sections....^ 979-116 

By  Vertical  Sections .977-800 

Difference 1-816  cubic  feet. 

979-49  B  capacity  or  displacement  in  cubic  feet  of  space. 

The  mean  'vreight  of  salt  and  fresh  water  gives  85  cubic  feet  of 
spaice,  when  iBlled  with  water,  to  be  equivalent  to  a  ton  avoirdupois; 
thence  the  displacement  in  cubic  feet  of  space  being  divided  by  35 
will  give  the  weisht  of  the  volume  displaced  in  tons  avoirdupois ; 
or  979-49  being  mvided  by  85  gives 

5)979-49 

7)195-898 

27-985  tons,  the  weight  of  the  calculated 
immersed  body  in  tons. 

ABBA   or   THE   MOOBHIP   SEOHON,  OB   OF  THE   QBEATEST   TEANSVERSB 

SEOnON. 

Section  at  6. 
l-l..,6-8      2-2...6-0  8-8...4-8  «  Q 

6-6...  j2      4-4... 2;8  _2 

6-5- A      8-8 -P  9-6 -i2Q 
4 

88-2- 4  P 
6-5 -A 
9-6 -2Q 

49-8- A  +  4P  +  2Q 

1-25  -■  ^  where  r  »  ihe  depth,  from  1  to  5,  di- 
om  'ided  by  4  -  6  ft.  by  4  - 

^S^  1-26  ft. 


498 

8)ei-625      

20-641  »iA  +  4P  +  2Qx5-/  *  «<«  ®^°"^- 
2  **       I  i^hip  section. 

41'082  «■  Area  of  middiip  section  irithont  keeL 
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LOAD-WATKR  UNS. 

Area  of  the  load- water  line,  or  area  of  the  assumed  deepest  plane 

of  immersion,  delineated  on  the  half-breadth  plan,  and  marked  bj 

the  cmnre  AB.    From  the  table  of  ordinates,  p.  467,  we  haye— 

80  5-0 

60  6-8 

6-1  ^ 

Jl  16-7  -  Q 

18-8  -  P  2 


•4 
•4 

•8 -A 


76-2 -4P 

•8 -A 
88-4  «  2  Q 


88-4  »  2  Q 


109-4- A  +  4P  +  2Q 
5-6 -r' 


6470 
5470 


200-56 


8)601-70      

200-66  -  A +  4P  +  2Q  x  J^  «/ 1  weaof load- 

3       \  water  line. 
B  I  area  of  load-water  section  in  superficial  feet 


401*12  a  area  of  load-water  section,  which  amount  of  area  being 
divided  bj  12,  will  give  the  number  of  cubic  feet  of  space  that  would 
be  contained  in  a  zone  of  that  area  of  an  inch  in  depth,  and  that 
result  being  again  divided  by  85,  as  the  number  of  cubic  feet  of 
water  equivalent  to  a  ton  in  weight,  will  give  the  number  of  tons 
that  will  immerse  the  vessel  one  mch  at  that  line  of  immersion. 
12)401-12  a  area  of  load-water  section  in  superficial  feet 
5)83-42  s  cubic  feet  in  zone  of  one  inch  in  depth. 
7yfr684 

-955  «  tons  to  the  inch  of  immersion  at  load-water  line. 


ciNTRB  or  oBAymr  or  thx  displaobmsnt. 


Estimated  from  Section  1,  considered  as  the  Initial  Plane. 

R«.oftfi«ArMt.  Areas.  WbmniM. 

ri 1104  X  0 000-000 

2 6-266  X  1 6-266 

8 11-746  X  2 28-490 

4 16069  X  8 48-207 

5 17-266  X  4 69060 

H 16-222  X  6 81-110 

7 12-612  X  6 76-072 

8 6-900  X  7 48-800 

9 1104  X  8 8-882 
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Moments  placed  in  the  Rule. 


Sam 

000-000 
8-882 

8-882  -  A 

-A  +  4P  +  2Qx^ 

6-256      28-490 
48-207      69-060 
81-110     .  76-072 

^S-^O^'      167-622  -  Q 
188-878  -  P      2 

^     885-244 -2Q 
786-492 -4P 

8-882  -  A 
885-244  -  2  Q 

1079-568 -A  +  4P  + 2 Q 
5^-r' 

5897840 
5897840 


8)5937-6240 
1979-208 


A  +  4P  +  2Q  x^ 
o 


Bum  of  the  moments  of  half  the  displacement  from  section  1,  in  in- 
terrals  of  space  of  5*5  ft. ;  and  the  half  displacement  in  cubic  feet 
by  yertioal  sections  is  488*650  (p.  477)  cubic  ft.;  irhence  it  is 
found,  by  diYiding  the  moment  1979-208  by  488-650,  that  the  dis- 
tance of  the  centre  of  graYity  of  displacement  from  the  section  1 
18  as  follows : — 

488-66 )  1979-208  ( 4-05  intervals  from  1. 
195460        interyal  =  5-5  ft. 

246080 
244825 

1755  therefore  4-06  x  5-5  =  22-27  ft.  - 
distance  of  the  centre  of  gravity 
of  the  calculated  immersed  body 
from  1. 


]>XFTH   OF   THB   OINTBl    OY   ORAVITT   OV   THX   DISPLAOElflNT   BBLOW 
THS  LOAD-WATER  BBOTION. 


Fore-body.    After-body. 


r  96-61 
85-708 
66-18 
46-29 

1^2718 


ri08-95 200-56    x  0  =  000-000 

86-44 172-148  x  1  =  172-148 

68-88 184-56    x  2  -  269-12 

49-22 95-51    x  8  «  286-58 

28-96 5609    x  4  -  224-86 
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000-00 

224-86 
224-86 


172-148 
286-530 

269-12  -  ( 
2 

458-678  - 
4 

P 

538-24- J 

1834-712  - 
224-860  = 
588-240  - 

4P 

A 

2Q 

« 

2597-812  - 
•92- 

A  +  4P  +  2Q 

r 

5194624 
28875808 

8)2389-52704 

796-509     - 

A  + 

4P  +  2Q 

sum  of  the  moments  of  the  half  disphtcement  calculated  from  the 
load-water  line :  the  half  displacement  by  horizontal  sections  is 
489*588  (p.  477)  cubic  feet ;  the  sum  of  the  moments  of  the  half 
displacement  796*509  ft.,  being  dirided  by  that  quantity,  will  give 
the  distance  in  intervals  of  *92  ft. ;  the  centre  of  gravity  of  dis- 
placement  is  below  the  load-water  line. 


HAlffoUdof 


489*558 )  796*509 )  1-62  intervals  of  -92  feet ;  therefore 


489558 

S069510 
2987848 

1821620 
979116 

842504 


1*62 
X  -92 


824 
1458 

1-4904  ft.  »  the  distance  the  ( 

tre  of  gravity  of  the  calour 
lated  immersed  body  is  be- 
low the  load-water  section. 


DISTAKOI  OF  THB   CENTRE  OF  OaAVITT   OF  THE  AREA  OF  THB  IdOAD- 
WATBB  SECTION  FROM  SEOTION  1. 


Ho-oTBaotioa. 

OriJMlM  «r  SmHob  1 
firomtlMTMil^p.4«7. 

DlilUMIM«rtiNBiB 

interraliofMA. 
firamBwItel. 

MoiMBta:lMlH«th«n«- 

diiatofth«Ajr«Mli7tte 

rM|MotiT«  INMueM. 

1 

•4 

0 

000-00 

2 

8-0 

1 

8-0 

8 

6-0 

2 

lOH) 

4 

6-0 

18-0 

6 

6-8 

26-2 

6 

61 

80*5 

7 

6-4 

82-4 

8 

8-7 

2»-» 

9 

•4 

8 

8*2 
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The  moments,  for  summation^  put  into  the  rule. 
00-0  80  10-0 

3-2  180  >26-2 

Iso  _  A  80-5  82-4 

77-4  -  P  2 

1  135-2  -  2  Q 

809-6  -  4  P 

8-2  =  A 
185-2  »  2  Q 

448-0  =  A  +  4P  +  2Q 
6-5  =  rf 

2240 
2240 

8)2464-0 

821-8  -  A  +  4P  +  2Q  x  J  - 

s 

sum  of  the  moments  of  the  half  area  of  the  load-water  section 
reckoned  from  1 ;  the  half  area  of  the  load-water  section  is  200*56 
feet  (p.  478) ;  the  distance,  therefore,  of  the  centre  of  gravity  of 
the  load- water  section  from  1  will  be  found  in  intervals  of  space  of 
5*5  feet,  by  dividing  the  sum  of  these  moments  by  the  half  area, 
thns : — 

Half  Area.  IfomaBte.  No. 

200*56 )  821-3833  ( 4-09  intervals,  each 
80224  6-6  ft-  in  length. 

190983 
180504 
10429 

and  4*09  x  6*5  »  22*5  ft.  gives  the  distance  of  the  centre  of  gravity 
of  the  load-water  section  from  section  1  of  the  drawing. 

Relative  capacities  of  the  bodies  immersed  under  the  fore  and 
after  lengths  of  equal  division  of  the  load-water  line — 
By  former  calculations. 

After-body  immersed  contains 497*79  cubic  ft.  of  space. 

Fore-body         "  "      481*70  cubic  ft.  of  space. 

Difference 16*09  = 

the  excess  in  cubic  feet  of  space  of  the  body  displaced  under  the 
after  half-length  of  the  load-water  line  over  that  under  the  fore- 
half  of  the  same  line^— 

Sum  of  the  bodies  (by  former  calculation)  or  whole  1  979.49 

displacement  in  cubic  feet  of  space  (p.  477) / 

equal  to  9*7949  hundreds  of  cubic  feet  of  space,  whence  16*09,  or 
the  difference  between  the  two  bodies  in  cubic  feet,  being  divided 
by  9*7949,  or  the  displacement  expressed  in  terms  of  the  hundreds 
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of  cubic  feet  of  space,  irill  give  the  ezcesa  for  every  hundred  cubic 
feet  of  the  whole  displacement. 

BnBdr«dt  «f  CoUo 
FMiofSpftM. 


■!• 

Cnbie  Feat 


9-7949  )  16^0§0b0  ( 1-6  -  Ratio  of  the  excess  of 
97949  the  after-body  of  dis- 

629510  placement     over    the 

587694  fore-body  of  the  same, 

*41816  denoted  by  a  per-cent- 

age  of  the  whole  dis- 
MjJTACBNTiiB.         placement, 

A  measure  of  the  comparative  stability  of  a  ship,  or  the  height 
of  the  metacentre  above  the  centre  of  gravity  of  displacement  esti- 

t^dx 
mated,  from  the  expression  if^^i  ^^  which /is  the  sign  of  in- 
tegration and  signifies  sum : — 
y    ■■  the  ordinates  of  the  half-breadth  loacl-water  section, 
dx  »  the  differential  increment  of  the  length  of  load- water  section. 
D  «s  displacement  of  the  immersed  portion  of  the  body  in  cu- 
bic feet  of  space. 


r 

■  ecantUtdU*. 

'  -4 

8-0 

5-0 

6-0 

6-8 

6-1 

5-4 

8-7 

-4 

C^bMortkiOrUwM. 

00-064 

27-000 

125-000 

216-000 

250-047 

226-981 

167-464 

60-653 

0-064 

Cubes  placed 

in  O'Neill's  rule  for  summation  of 

Area 

-(A  +  4P-f  2Q) 

r 
^8 

00-064 
00-064 
-128   -A 

27-000 
216-000 
226-981 

60-653 
520-634  -  P 

126-000 
260-047 
157-464 

632-511  -  Q 
2 

4 

2082-586  =  4P 

1065-022  -  2  Q 

000-128  =  A 

1065-022  -  2  Q 

8147-686-A  +  4P  +  2Q 
5-6 -r' 

15738430 
15738480 

3)17312-2730 

_# 

/y»dx- 

6770-7676  -A +  4P  +  2Q  X  V"" 

i 
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snmmatioQ  of  the  cubes  of  the  ordinates  of  the  load-water  section ; 
and  the  height  of  the  metacentre  above  the  centre  of  gravity  of  y 

displacement  is  expressed  by  i  /^^,  in  which  expression  y^  dx  = 

5770-75  and  D  »  979-1  (p.  477)  whence  J  x  %]qI^  «  3-98  feet 

is  the  height  of  the  metacentre  above  the  centre  of  gravity  of  the 
displacement. 

RESULTS  OP  THE  CALCULATIONS. 

Ist  Method. 
.Displacement  in  cubic  feet  of  space     «  979*149. 
Displacement  in  tons,  of  85  cubic  1_    9*t  Q7± 

feet  of  water  to  a  ton /""    ^i'^*^- 

Area  of  midship  section «=    41-08  superficial  feet. 

Area  of  load-water  line  or  plane  atl       viaiio  n  -  ^  i*    ^ 

the  proposed  deepest  immersion..  |  =  ^^^'^^  superficial  feet. 
Tons  to  one  inch  of  immersion  atl        ncc  x 

that  flotation /^  '^^^  t"'"' 

Longitudinal  distance  of  the  centre  1 

of  gravity  of  displacement  from  >  =  22-22  feet 

section  1.  J 

Depth  of  the  centre  of  gravity  of  ^ 

displacement  below  the  load-water  >  =  1-4904  feet. 

section j 

Distance  of  the  centre  of  gravity  of  ^ 

the  load- water  section  from  verti-  >=  22-5  feet. 

cal  section  1 j 

Relative  capacity  of  the  after-body  S 

in  excess  of  the  fore-body  in  cubic  y  =  16*09 

feet  of  space 

Per-centage  on  the  whole  displace- 
ment  

Height  of  the  metacentre  above  the^ 

centre  of  gravity  of  displacement, 

estimated    from    the    expression 
y^dx 

The  young  naval  architect  has  thus  been  led  through  the  essen- 
tial calculations  on  the  immersed  portion  of  a  ship  considered  as  a 
floating  body.  The  term  essential  has  here  been  used  under  a 
knowledge  that  the  table  of  results  might  have  been  swollen  to  a 
small  volume  by  a  lengthened  comparison  of  the  elements  of  the 
naval  construction,  such  as  the  ratio  of  the  area  of  the  midship  sec- 
tion to  the  area  of  the  load-water  section,  and  that  of  the  area  of 
the  midship  section  to  the  circumscribing  parallelogram ;  data  that 
will  always  suggest  themselves  to  the  mind,  and  furnish  salutary 
exercise  for  his  judgment,  while  the  introduction  of  such  •  com- 
parisons into  these  rudiments  might  deter  the  novice  from  entering 
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on  a  task  that  would  thence  seem  to  be  involred  in  such  yolaminooB 
results.  For  the  second  method  of  calculation,  the  table  of  ordi- 
nates  is  in  two  portions,  viz.  the  fore  and  after-bodies  under  the 
division  of  the  load-water  section  into  two  equal  parts,  the  length 
of  such  section  being  restricted  to  the  distance  from  the  fore-e^ 
of  the  rabbet  of  the  stem  to  the  after-edge  of  the  rabbet  of  the 
post.  The  enlarged  tables  are  shown  at  pages  484  and  485,  and 
the  directions  for  the  working  of  these  tables  have  been  given  at 
page  459,  observing  only  that  the  ordinates  have  not  been  herein 
inserted  in  red,  as  it  was  there  suggested,  to  insure  perspicuity  and 
accuracy. 

RESULTS  FROM  THE  TABLES. 

By  modified  rule.     Area  «  {^'^^^'^^{Y 

And  solid  =  areas  for  ordinates  1       f  -^^  ,  np/  .  /\^  1    »  ^^ 
summedbyrule  ]^\  2  "*"^^  "^  ^  /"^   8 

Functions  of  the  areas  marked  B>b<h'  +  2P  +  Q> 

Function  of  the  solid  equal  to  B,  placed  in  O'Neill's  rules  » 

A'  +  2F  +  Q'»E 

2r      21^ 
Whence  displacement  «*  E  X  -g-  x  -g-,  in  the  example  r  «  -92 

r'  «  5-5. 

„,,.,,.,  T.      2r      2*^      „      1-84      11 

Therefore  \  displacement  «  E  X  -^  X  -g-  —  Ex  -g-  x  -g  » 

«      20-24 
Ex-g-. 

VALUE  or  E  FROM  THE  TABLES  BY  YEETIOAL  SECTIONS. 

Table  1 ...  106-50  =  submultiple  of  the  fore-body  by  rertical  sections. 

Table  2.. . 110-77  =»  "  after-body  "  « 

217-27  «  sum  of  the  submultiples  —  E. 

20-24      217-27  x  20-24 
\  displacement «  E  x  — g—  « g 24-14  x  20-24  « 

488-5936  «  \  solid  of  displacement  by  the  summation  ^f  the 
2  vertical  areas  given  in  cubic  feet  of  space. 

5)977-1872 
7)195-4374 

27-92      »  Displacement  by  vertical  sections  in  tons  of  35 
cubic  feet  of  space. 

VALUE  OF  E   FROM  THE  TABLES  BT  HORIZONTAL   SECTIONS. 

Table  1...  106-50  «=  submultiple  of  the  fore-body  by  horizontal 

sections. 
Table  2. ..110-75  ^  submultiple  of  the  after-body  by  horizontal 

sections. 
From  whence  the  same  results  will  be  obtained. 
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ABKA  or  BODSHIP  8E0TI0N. 

From  table  1..  .28*15  »  submultiple  of  the  area  of  Section  5. 
1-84  «2r 


11260 
22520 
2015 

8)51-7960 

17*265   »  ^  area  of  upper  space  of  midship  section. 
8-275    =  I  area  of  the  lower    "      *^    below  d  d, 

20*540    »  j^  area  of  midship  section. 
2 


41*08    >■  area  of  midship  section. 

ABEA  OV  THI  LOAD-WATXB  LINE. 

From  table  1... 26*35  »  snbmnltiple  of  the  area  of  the  fore-body. 
From  table  2...28*85  «  «  "  after-body. 

54*70  »  snbmultiple  for  |  area  of  load-water  line. 
.  ll  =  2r' 


8)601*7 

200*56  -  j^  area  --n+2P  +  Qx-g- 
2  ^ 


12)401*12  »  area  of  load-water  line. 
5)88-42 


7)6*684 

•955  »  tons  per  inch  of  immersion  at  the  load- 
water  line. 

posmoN  or  the  osntbb  or  GRAVrrT  or  displacement. 

By  table  2... 878*86  «  moments  from  Section  1. 

and  E 217*27  «  corresponding  function  of  the  displacement. 

217*27)  878*86  (-404  intervals  of  5*5  feet,  giving  4*04  x 
869*08  5*5  ^  22*22  feet  as  the  distance 

of  the  centre  of  gravity  of  the  dit- 

97800  placement  from  Section  1. 

86908 

10892 
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DEPTH  or  THE  CSNTBS  OV  OAAVITT  OV  THS  I»8F!LACBMINT  BSI/>W  THE 
LOAI>-WAT£B  SECTION. 

fiy  table  2...853-72  »  moments  from  load-water  line. 

and  E 217*25  «  corresponding  function  of  the  displacement 

217-26)  868-72  (1-62  intervals  of  -92  feet,  giving  1-62  x 
217-26  -92  «  1-4904  bs  the  distance  that 

136-470  ^^^  centre  of  gravity  of  displace- 

180*860  mei^t  is  below  the  load-water  line. 

61200 
48450 

17750 

POSITION  OF  THE  OEITTBE   OF  GBAVITT  OF  THE   LOAD-WATER    UNX  OF 
DEEPEST  IMMERSION. 

From  table  1 26-86  ft.    From  table  2. ..224-000  «  moments 

"         2 .28-86         '    from  1st  seotion. 

Function  for  area..54-7)  224-0  (4-09  intervals  of  5-5  feet,   giving 

218-8  4-09  X  6-5  =  22-495  feet 

5200  ^  ^^  distance  that  the 

4928  centre  of  gravity  of  die 

load-water  section  is  firom 

•277  vertical  section  1. 

RELATIVE  CAPACITIES  OF  THE  CALCULATED  IMMERSED  BODIES  CON- 
TAINED UNDER  THE  FORE  AND  AFTER-LENGTHS  OF  EQUAL  DIVISION 
OF  THE  LOAD-WATER  LINE. 

VMi. 

From  table  1.. .Function  for  tiie  foreHK>lid 106*60 

From  table  2. ..Function  for  the  after-solid 110-75 

4-26 

Sum  of  the  functions 217-25 

The  difference,  4-25  feet,  expresses  the  excess  in  cubic  feet  of  space 
of  the  body,  displaced  under  the  after  half-length  of  the  load-water 
line,  over  that  under  the  fore  half-length  of  the  saine  line,  and  die 
sum  of  the  functions,  217*26,  is  equal  to  2*1726  hundreds  of  cnbie 
feet  of  space;  whence,  4-25  feet,  or  the  difference  between  the 
functions  for  the  two  bodies,  being  divided  by  the  function  2*1726, 
or  the  function  for  the  displacement  of  the  calculated  body  ex- 
pressed in  terms  of  hundreds  of  cubic  feet  of  space,  will  give  the 
excess  for  every  huQdred  cubic  feet  of  that  displacement: 

Fmetfon  of       Exotn  In 

DlcpUkoe-        Cable  F«et 

IMVt.  «f  fipMe. 

2-1726 )  4*26000  ( 1*9  ratio  of  the  excess  of  the  aOer* 
2*1725  body  of  calculation  over  the 

207750  fore-body  of  the  same,  de- 

195526  noted  by  a  per-centage  of  the 

• displacement  calculated  by 

•12226  the  taUe  of  ordinates. 
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nXIOBT    OF   THB    BISTACXNTRE   ABOTX    THE    OXNTSE   OV    QftATITT   OF 

DI8PLA0EMENT. 

From  table  2. ..The  enmrnation  of  the  functions^ 

of  the  cnbes  of  the  ordinates  for  the  yalne  of  >  >■  1578*843. 

the/y^dx j 

The  corresponding  function  for  the  solid ■■    217*25. 

from  whence  the  height  of  the  metacentre  above  the  centre  of 

graTity  of  displacement,  expressed  by  g /^^  w  as  follows : 

2r^ 
/y«dx  -  1578*848  X  -g- where  r'  -  6-6  feet  - 

1578*848  X  11      17812*278       ,^^^  ^^  ^ 
g ^ g =  5770*75  feet. 

2r     2i^ 
(Page  485)  217*27  x  -g^  x  -y  «•  J  displacement  =■  488*5986  feet, 

whence  displacement  or  D  »  977*1872 ;  and  thence 
2    y^dx      2       5770*75        11541*58 
8*'^  D    "  8  ^  977*1872  ^  2981-5616  "  **^^  ^*- 

BESITLTS  OBTAn«ED  UNDER  THE  TWO  METHODS  OF  OALOULATION 
OONTRASTXD. 

OldMitliod.  BMMiMMhed. 

Displacement  in  cubic  feet  of  space...      979-189  977*187 

Displacement  in  tons  of  85  caMc  feet  • 

of  water  to  a  ton 27*986  27*92 

8«p«rMalfl.  SopvMdfk 

Area  of  midship  section 41*08  41-08 

Area  of  load-water  line  or  plane  at 

the  proposed  deepest  immersion 401*12  401*12 

Tons  to  one  inch  of  immersion  at  line 

of  flotation *9526  tons.        -955tons. 

Longitudinal  distance  of  the  centre  of 
gravity  of  the  displacement  from 
section  1 22*22  ft.  22*22ft. 

Depth  of  tbe  centre  of  gravity  of  dis- 
placement below  the  load-water  sec- 
tion       1*4812  ft.  1*4904  ft. 

Relative  capacities  of  the  bodies 1*6  per  cent.      1*9  per  ct 

Height  of  the  metacentre  above  the 

centre  of  gravity  of  displacement...      8-98  ft.  8*98  ft. 

THIBD  METHOD  OF  CALCULATION. 

CALCULATIONS  ON  THE  DRAUGHT  OF  THE  TACHT  OF  86  TONS  USING  THE 
OU&YE  OF  SECTIONAL  AREAS. 

The  load-water  line  AB,  in  the  sheer  plan,  is  divided  into 
two  equal  parts  at  the  point  G,  and  those  equal  parts  are  asain 
subdivided  at  the  points  D  and  E ;  at  the  points  0,  D,  and  E, 
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thus  obtained,  the  transverse  vertical  sections  of  the  vessel  are 
delineated. 

The  length  of  the  load-water  line  froip  the  fore  edge  of  the  rab- 
bet of  the  stem  B,  to  the  after  edge  of  the  rabbet  of  the  post  A,  is 
next  drawn  below  and  parallel  to  the  base  line  SF  of  the  sheer  plan ; 
this  line,  FG,  becomes  the  base  line  of  the  curve  of  the  sectional 
areas.  The  common  sections  of  the  transverse  vertical  sections 
of  C,  D,  and  E,  (which  will  be  straight  lines,)  with  this  horizontal 
and  longitudinal  plan,  are  drawn  from  their  respective  points  of 
division,  H,  I,  and  K,  in  half-breadth  plan.  The  areas  of  these 
transverse  vertical  sections  at  D,  C,  and  E,  are  then  calculated, 
as  before,  thus : — 

Area«/A  +  4P  +  2Q|x  g^jg  +  2P  +  q|  x -^;or, 
Area=/A  +  2P  +  8Qlx|r«|^  +  P+l-5Q}x|r. 
Half  Area  of  l^ansverse  Vertical  Seettofiy  at  Oy  by  BhU  1, 

or,  ^  Area  -{2+2P  +  Q}xy- 

.4-8  -  Q 


Ist.  ...6-8 
Last...  -2 

2d  ...6-0 
4th...2-8 

8d... 

2)6-5 

8-8 -P 

8-26 -:| 

2 

16-60 -2P 
8-25-^ 

4-80  -  Q 

24-65 -^  +  2P  +  Q 

•8.-V 

7895 
19720 

2r 
20-4595  -2+2P  +  Qx-g--J»reft 

of  section  C  in  feet. 

CM,  or  depth  —  5-0  feet,  whence  -j-,  op  -j-  —  1-25  —  r  — 

2r     2x1-25      2-5 
distance  between  the  ordinates,  and  -^  •■  — g —  -■  -g-  -■  -83  feet. 
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EcXS  Area  of  Section  Oy  by  Rule  2, 

or,  J  area  -|  ^  +  P  +  1-5Q I X  J  r. 

Ist.  ...6-8  P  -  0  6-6    2d 

Last..^  8^  3d. 

2)6-6       .  8-65 -Q 


8-25 


8-25 1       A 


4-32  ■=  t  Q. 
12-97- 1-6  Q. 


12.97}-2+I*  +  l-5<i 

•m  8r  — CM -6-0 feet. 


«=  Jarea - -g  +  P  + 1-5 Q  x  j r. 

SalS  Area  of  the  Trantvene  Vertical  Section  at  E. 

Ist.  ...5-0  2d.   ...4-2  8d.  ...2-9  -»  Q 

Last...  -2  4tli.  ...1-7 

2)6-2  6-9 -P 

2^-#  _2 

2  11-8  =  2P 

2-6-^ 

2-9 -Q 

17i-j  +  2P  +  Q 

EO      4-2 
BO,  or  depth  •-  4-2  feet,  irhenoe  -j-  ■■  -j-  •-  1-05  =  r  -■  dis- 

,2r      1-05x2      2-1       ^, 
tance  between  the  ordinates,  and  -g-  —  — g ™  ~g"  ■■  "T  feet; 

therefore, 

Area  — [  J  +  2P  -f  q}x  ^  -17-8  x  -7  -  IS^ll  »  half 

area  of  transverse  Tertical  section  at  E. 

HcAfArea  of  the  Transvene  Vertical  Section  at  2>. 
1st.  ...6-40  2d.  ...3-5  8d.  ...1-46  =  Q 

Last...9'2  4th....0-7 

2)6-6        .  4-2 -P 

2-8 


A 

2 

2 
8-4  -  2P 

■       2-8-^ 

1-46  =  Q 

12-66 -^  +  2P  +  Q 
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DN,  or  depth  *«  6'8  feet,  whence  -j-  «  -j-  s=  1-45  feet  «» 

J*        V.         xi.       J.    .         j2r      2x1-45      2-9 
r  —  distance  between  the  ordmates,  and  -g-  ■■ s —  -^  ■■ 

•97  feet;  therefore, 

Area  -{  2  2+P+Q}x  y  »  12-66  X  -97  -  12-28 feet  - 
half  area  of  transverse  vertical  section  at  D. 

HcL^  Areas  of  the  Transverse  Vertical  Seetume. 

r  E  « 12-11 1      Divided  by  5  as  the  depth  assumed  for  ("2-42 
At<  C  =  20*20  >the  zone,  give  the  ordinates  for  the  curve  <  4-04 

tD  =  12-28  J  of  sectional  areas,  as (2-46 

of  which  2-42  is  set  off  from  H  as  HR,  4-04  feet  from  I  as  IQ, 
and  2-45  feet  from  K  as  EP ;  the  curve  IRQPa,  passing  through 
the  extremities  P,  Q,  and  B  of  the  ordinates  PK,  QI,  and  RH,  is 
the  curve  bounding  the  area  of  a  Eone,  which,  to  the  depth  of  5  feet 
for  a  solid,  will  give  in  cubic  feet  of  space  the  half  displacement 
of  the  immersed  body,  or  the  displacement  of  the  yacht  to  the  line 
AS  of  proposed  deepest  immersion. 

To  measure  this  representative  area,  and  from  thence  the  solid, 
join  the  points  Q,  G,  and  I  by  the  straight  lines  QG,  QF,  diyiding 
the  curvilinear  area  FRQPGF  into  the  two  triangles  QGI,  QFI, 
and  the  two  areas  GPQG,  FRQF.  The  triangles  by  construction 
are  equal,  and  the  area  of  each  one  of  them  is  equivalent  to 
GI  X  QI        ^      ^  ,  ^^^x^      GI X  QI      ^      ^^     ^^ 

—2 — 9  ^^  *^  ^^^^®  *^®*  GQFIG  =  — 2"^  X  2  «  GI  X  QI 

or  FI  X  IQ,  FI  being  equal  to  IG,  each  beine  the  half-length  of  ^ 
the  same  element,  the  load-water  line  or  line  ot  deepest  immersion.  ' 
The  areas  QPGQ,  QRFQ,  are  bounded  by  the  curve  lines  QPG, 
QRF,  which  are  assumed  as  portions  of  common  parabolas,  and 
under  such  an  assumption  their  respective  areas  are  equal  to  f  of 
the  circumscribing  parallelograms,  or  the  area  QPGQ  «  f  of 
GQ  X  aj,  and  the  area  FRijF  —  J  of  FQ  *  a;',  where  x  and  a?' 
are  the  greatest  perpendiculars  that  can  be  drawn  from  the  bases 
QG  and  QF  to  meet  the  curves  QPG,  QRF. 

BXSPLAOIMINT. 

AB  by  a  scale  of  parts  »  44  feet,  whence  FI  or  IG  equal 
AB       44 
-o*  >■  Y  ^^^  "^  ^  ^^^^ 9  ordinate  QI  of  the  medial  section  » 

4*04  feet ;  and  QG  ^  FQ,  being  the  respective  hypothenuses  of  the 
equal  triangles  QGI,  QFI,  are  each  equal  to  •IG*  +  QI*  =» 

v'22»  +  ¥0?  «  ^^484  +  16-82  =  v^600-32  =  22-37  feet;  and 
Tj  by  measurement  with  a  scale  of  parts,  «  -6  foot,  and  a/  also 
*6  foot,  from  which  the  half  displacement  in  cubic  feet  of  space  will 
be  obtained  as  follows : — 
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Area  FQGIP  -  GI  x  IQ.  c^^ 

Solid  under  the  1       Qj  x  IQ  x  6  -  22  x  41  x  6  -    451-00 

area  FQGIF  J  ^ 

Area  QPGQ  -  f  of  GQ  x  a? 

^^we^cfpG^^^  }  "'*^'  GQxxx5-f  x22-87x-6x6-  44-74 
AreaFRQP-f  ofFQ  X  a/ 

S^J^^^^^^'q^^^  4474 

^^^  540-48 

or  area  of  the  triangle  QGI  +  area  of  the  triangle  QFI  +  area 
of  the  space  QPGQ  +  area  of  the  space  FBQF  =»  to  the  repre- 
sentative area  FRQPG,  which  being  multiplied  by  the  assumed 
depth  of  5  feet  for  the  zone  of  half  displacement  gives  540-48  cubic 
feet  of  space,  which  divided  by  85,  as  the  number  of  such  cubic 
feet  that  are  equivalent  to  one  ton  of  medium  water,  gives 

8)540-48 

7)108-09 

15*44  tons  for  half  displacement, 

and  that  the  whole  weight  of  the  body  is  equal  to  15*54  X  2  s 
80*88  tons  —  displacement  to  the  line  of  proposed  deepest  immer- 
sion AB. 

MSLATiyS  CAPACITIES  OF  THE  BODIES  IMMERSED  UNDER  THE  FORE  AHD 
AFTER  HALF-LENQTHS  OF  THE  LOAD-WATER  LINE^  AS  OIVEN  BT  THI 
DELINEATED  GUitVE  OF  SECTIONAL  AREAS. 

The  triangles  QGI  and  QFI  being  equal,  the  relative  capacities 
of  the  fore  and  after-bodies  will  be  determined  by  the  proportion 
that  the  area  QPGI  bears  to  the  area  QRFI ;  and  as  these  areas 
involve  two  equal  terms,  or  that  the  base  FQ  =  the  base  Q6,  it 
follows,  that  the  relation  of  these  areas  to  each  other  will  be  ex- 
pressed bv  the  proportion  that  the  perpendiculars  o^  and  x'  bear 
to  each  otner.  In  the  example  given,  the  fore  ai^d  after-bodies,  or 
the  displacements  under  the  fore  and  after  half-lensths  of  the  load- 
water^B,  are  equal ;  as  the  perpendiculars  x  and  a/  taken  from 
the  diagram,  on  a  scale  of  equal  parts,  are  each  *6  of  a  foot 

The  area  of  the  midship  section  is  denoted  relatively  by  the 
medial  ordinate  of  the  curve  of  sections  QI,  and  the  full  amoimt 
of  it  is  obtained  by  multiplying  the  function  QI  by  the  depth  of 
the  zone  M.     In  the  example : 

M  »  5 ;   QI  »  404 ;  then  half  area  of  medial  section  »  404  x  5 

5 

Area  of  midship  section 20*20 
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LOGARITHMS  OF  KUMBBRS. 


N«. 

Lot- 

Prop. 
Put. 

Ko. 

hog. 

Prop. 
Pare 

Ko. 

i^ 

Prop. 

PMt. 

No. 

X4W. 

SS" 

1000 

000000 

1060 

025806 

1120 

049218 

1180 

071882 

1 

000434 

43 

1 

025715 

41 

1 

049606 

89 

1 

072250 

87 

2 

000868 

86 

2 

026124 

82 

2 

049993 

77 

2 

072617 

78 

8 

001801 

130 

8 

026638 

122 

8 

050380 

116 

3 

072985 

110 

4 

001784 

178 

4 

026942 

163 

4 

050766 

164 

4 

078362 

147 

5 

002166 

216 

5 

027850 

204 

5 

051152 

193 

5 

078718 

188 

6 

002598 

259 

6 

027757 

246 

6 

051538 

232 

6 

074085 

220 

7 

008029 

303 

7 

028164 

286 

7 

051924 

270 

7 

074451 

256 

8 

008460 

846 

8 

028571 

826 

8 

052309 

309 

8 

074816 

298 

-   9 

008891 

889 

9 

028978 

367 

9 

052694 

847 

9 

075182 

880 

1010 

004821 

1070 

029884 

1130 

053078 

1190 

075647 

1 

004751 

48 

1 

029789 

40 

1 

053468 

88 

1 

675912 

86 

2 

005180 

86 

2 

030195 

81 

2 

053846 

77 

2 

076276 

78 

8 

005609 

128 

8 

080600 

121 

3 

054280 

115 

8 

076640 

109 

4 

H)06088 

171 

4 

031004 

162 

4 

054613 

153 

4 

077004 

145 

6 

006466 

214 

5 

081408 

202 

5 

054996 

191 

5 

077868 

181 

6 

006894 

257 

6 

081812 

242 

6 

055878 

230 

6 

077781 

218 

7 

007821 

300 

7 

082216 

288 

7 

056760 

268 

7 

078094 

254 

8 

007748 

348 

8 

032619 

823 

8 

056142 

306 

8 

078457 

290 

9 

008174 

885 

.  9 

038021 

864 

9 

056524 

845 

9 

078819 

327 

1020 

008600 

1080 

088424 

1140 

066905 

1200 

079181 

1 

009026 

42 

1 

088826 

40 

1 

057286 

88 

1 

079548 

86 

2 

009451 

85 

2 

034227 

80 

2 

057666 

76 

2 

079904 

72 

8 

009876 

127 

8 

034628 

120 

3 

058046 

114 

8 

080266 

108 

4 

010300 

170 

4 

085029 

160 

4 

058426 

152 

4 

080626 

144 

6 

010724 

212 

5 

085480 

200 

5 

058805 

190 

5 

080987 

180 

6 

011147 

254 

6 

035830 

240 

6 

059185 

228 

6 

081847 

216 

7 

011570 

29T 

7 

036229 

280 

7 

059568 

266 

7 

081707 

252 

8 

011998 

88d 

8 

036629 

321 

8 

059942 

304 

8 

082067 

288 

9 

012415 

882 

9 

087028 

861 

9 

060820 

842 

9 

082426 

824 

1080 

012837 

1090 

087426 

1150 

060698 

1210 

082785 

1 

018259 

42 

1 

087826 

40 

1 

061075 

88 

1 

088144 

86 

2 

018680 

84 

2 

038223 

79 

2 

061462 

75 

2 

088508 

71 

8 

014100 

126 

S 

088620 

119 

8 

061829 

118 

8 

088861 

107 

4 

014520 

168 

^ 

089017 

159 

4 

062206 

160 

4 

084219 

148 

6 

014940 

210 

^ 

089414 

198 

5 

062582 

188 

5 

084576 

179 

6 

015360 

262 

6 

089811 

238 

6 

062958 

226 

6 

084984 

214 

7 

015779 

294 

7 

040207 

278 

7 

068838 

268 

7 

085291 

250 

8 

016197 

886 

3 

040602 

818 

8 

068709 

801 

8 

085647 

286 

9 

016615 

378 

9 

040998 

857 

9 

064088 

838 

9 

086004 

822 

1040 

017083 

1100 

041898 

1160 

064458 

1220 

086360 

1 

017451 

42 

1 

041787 

89 

1 

064882 

87 

1 

086716 

85 

2 

017868 

83 

2 

042182 

79 

2 

065206 

75 

2 

087071 

71 

8 

018284 

125 

8 

042575 

118 

8 

066580 

112 

8 

087426 

106 

4 

018700 

16G 

4 

042969 

157 

4 

065958 

149 

4 

087781 

142 

6 

019116 

208 

5 

043862 

196 

5 

066826 

186 

5 

088186 

177 

6 

019532 

250 

6 

043755 

236 

6 

066699 

224 

6 

088490 

218 

7 

019947 

291 

7 

044148 

275 

7 

067071 

261 

7 

088845 

248 

8 

020861 

883 

8 

044640 

814 

8 

067448 

298 

8 

089198 

284 

9 

020775 

374 

9 

044931 

854 

9 

067814 

836 

9 

089552 

819 

1030 

021189 

1110 

045323 

1170 

068186 

1230 

089905 

1 

021603 

41 

1 

045714 

89 

1 

068567 

87 

1 

090268 

85 

2 1022016 

82 

2 

046105 

78 

2 

068928 

74 

2 

090611 

70 

8 ! 022428 

124 

8 

046495 

117 

8 

069298 

111 

8 

090968 

106 

4  i  022841 

165 

4 

046885 

156 

4 

069668 

148 

4 

091816 

141 

6 

023252 

206 

6 

017275 

195 

5 

070088 

186 

5 

091667 

176 

6 

028664 

247 

6 

047664 

2^4 

6 

070407 

222 

6 

092018 

211 

7 

024075 

288 

7 

048053 

278 

7 

070776 

259 

7 

092870 

246 

8 

024486 

380 

8 

048442 

812 

8 

071145 

296 

8 

092721 

282 

9 

024896 

871 

9 

048880 

851 

9 

071514 

388 

9 

098071 

817 

82 
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Ho. 

z^. 

I2f: 

No. 

Log. 

IK- 

No. 

W. 

Prop. 
Pftrt. 

No. 

z^ 

at 

1240 

098422 

1800 

118948 

1860 

188689 

1420 

162288 

1 

098772 

85 

1 

114277 

83 

1 

188868 

82 

1 

152594 

80 

2 

094122 

70 

2 

114611 

67 

2 

134177 

64 

2 

162900 

61 

8 

094471 

105 

8 

114944 

100 

8 

184496 

96 

8 

153205 

91 

4 

094820 

140 

4 

115278 

183 

4 

184814 

127 

4 

168610 

122 

6 

095169 

175 

5 

115610 

167 

6 

185188 

169 

6 

158816 

152 

6 

095518 

210 

6 

115948 

200 

6 

135461 

191 

6 

164119 

18S 

7 

095866 

245 

7 

116276 

233 

7 

186768 

223 

7 

154424 

218 

8 

096216 

280 

8 

116608 

267 

8 

186086 

255 

8 

164728 

244 

9 

096562 

815 

9 

116940 

800 

9 

186408 

287 

0 

166082 

274 

1250 

096910 

1810 

117271 

1870 

186721 

1480 

165386 

1 

097257 

85 

1 

117608 

83 

1 

137087 

82 

1 

165640 

80 

2 

097604 

69 

2 

117984 

66 

2 

187864 

68 

2 

155943   00  1 

8 

097951 

104 

8 

118266 

99 

8 

137670 

94 

8 

156246 

91 

4 

098297 

138 

4 

118595 

132 

4 

187987 

126 

4 

166649 

121 

6 

098644 

173 

5 

118926 

165 

6 

188808 

158 

6 

166862 

151 

6 

098990 

208 

6 

119266 

198 

6 

188618 

189 

6 

167164 

181 

7 

099835 

242 

7 

119686 

281 

7 

138984 

221 

7 

167457 

211 

8 

099681 

277 

8 

119916 

264 

8 

189249 

252 

8 

167769 

242 

9 

100026 

811 

9 

120245 

297 

9 

189564 

284 

9 

158061 

272 

1260 

100870 

1820 

120574 

1880 

189879 

1440 

168862 

1 

100715 

34 

1 

120908 

88 

1 

140194 

81 

1 

158664 

80 

2 

101059 

69 

2 

121231 

66 

2 

140508 

63 

2 

158966 

60 

8 

101403 

103 

8 

121560 

98 

8 

140822 

94 

3 

159266 

90 

4 

101747 

137 

4 

121888 

131 

4 

141186 

125 

4 

169567 

120 

5 

102090 

172 

5 

122216 

164 

6 

141460 

157 

5 

169868 

150 

6 

102484 

206 

6 

122548 

197 

6 

141768 

188 

6 

160168 

180 

7 

102777 

240 

7 

122871 

280 

7 

142076 

219 

•  7 

160468 

210 

8 

108119 

275 

8 

123198 

262 

8 

142889 

251 

8 

160769 

240 

9 

103462 

809 

9 

123525 

295 

9 

142702 

282 

9 

161068 

270 

1270 

103804 

1330 

128852 

1890 

148015 

1460 

161868 

1 

104146 

84 

1 

124178 

88 

*  1 

148827 

81 

1 

161667 

80 

2 

104487 

68 

2 

124504 

65 

2 

148689 

62 

2 

161967 

60 

8 

104828 

102 

3 

124830 

98 

8 

148961 

93 

8 

162266 

89 

4 

105169 

186 

4 

125156 

180 

4 

144263 

125 

4 

162664 

119 

6 

105510 

170 

5 

125481 

163 

6 

144674 

156 

6 

162863 

149 

6 

105851 

204 

6 

125806 

195 

6 

144885 

187 

6 

168161 

179 

7 

106191 

238 

7 

126181 

228 

7 

146196 

218 

7 

168460 

209 

8 

106531 

272 

8 

126456 

260 

8 

146607 

249 

8 

168767 

239 

9 

106870 

806 

9 

126781 

298 

9 

146818 

280 

9 

164066 

269 

1280 

107210 

1840 

127106 

1400 

146128 

1460 

164858 

1 

107549 

84 

1 

127429 

82 

1 

146488 

81 

1 

164660 

80 

2 

107888 

67 

2 

127762 

65 

2 

146748 

62 

2 

164947 

69 

8 

108227 

101 

8 

128076 

97 

8 

147068 

98 

8 

166244 

89 

4 

108565 

185 

4 

128899 

129 

4 

147867 

124 

4 

166641 

119 

6 

108903 

169 

5 

128722 

161 

6 

147676 

156 

6 

166888 

148 

6 

109241 

208 

6 

129046 

194 

6 

147985 

186 

6 

166184 

178 

7 

109578 

237 

7 

129868 

226 

7 

148294 

217 

7 

166480 

207 

8 

109916 

270 

8 

129690 

258 

8 

148608 

248 

8 

166726 

2S7 

9 

110253 

804 

9 

180012 

291 

9 

148911 

279 

9 

167022 

267 

1290 

110690 

1860 

180884 

1410 

149219 

1470 

167317 

1 

110926 

84 

1 

180656 

82 

1 

149627 

81 

1 

167618 

29 

2 

111262 

67 

2 

180977 

64 

2 

149886 

61 

2 

167906 

69 

8 

111598 

101 

8 

181298 

96 

8 

160142 

92 

8 

168203 

88 

4 

111984 

134 

4 

181619 

128 

4 

160449 

123 

4 

168497 

118 

6 

112270 

168 

5 

181939 

160 

6 

160766 

164 

"6 

168792 

147 

6 

112605 

201 

6 

132260 

192 

6 

151068 

184 

6 

169086 

177 

7 

112940 

235 

7 

182580 

224 

7 

161870 

215 

7 

169880 

206 

8 

118275 

268 

8 

182900 

256 

8 

161676 

246 

8 

169674 

286 

9 

118609 

802 

9 

188219 

288 

9 

161982 

277 

9 

169966 

266 
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M*. 

Z4f. 

5S- 

No. 

i«f. 

as 

Mb. 

Lof. 

SS 

No. 

W. 

1st 

1480 

170262 

1640 

187621 

1600 

204120 

1660 

220108 

1 

170666 

29 

1 

187808 

28 

1 

204391 

27 

1 

220370 

26 

2 

170848 

68 

2 

188084 

66 

2 

204662 

64 

2 

220631 

62 

8 

171141 

88 

8 

188366 

84 

8 

204933 

81 

8 

220892 

78 

4 

171484 

117 

4 

188647 

113 

4 

205204 

108 

4 

221168 

104 

6 

171726 

146 

6 

188928 

141 

6 

205475 

136 

6 

221414 

180 

6 

172019 

176 

6 

189209 

169 

6 

205746 

162 

6 

221676 

167 

7 

172811 

204 

7 

189490 

197 

7 

206016 

189 

7 

221936 

188 

8 

172608 

284 

8 

189771 

226 

8 

206286 

216 

8 

222196 

209 

9 

172896 

263 

9 

190061 

268 

9 

206566 

248 

9 

222456 

286 

1490 

178186 

1660 

190882 

1610 

206826 

1670 

222716 

'   1 

178478 

29 

1 

190612 

28 

1 

207096 

27 

1 

222976 

26 

2 

173769 

68 

2 

190892 

66 

2 

207366 

64 

2 

223286 

62 

8 

174060 

87 

8 

191171 

84 

8 

207684 

81 

8 

228496 

78 

4 

174861 

116 

4 

191451 

112 

4 

207908 

108 

4 

228765 

104 

6 

174641 

146 

6 

191780 

140 

6 

208172 

136 

6 

224016 

180 

6 

174982 

176 

6 

192010 

168 

6 

208441 

162 

6 

224274 

166 

7 

176222 

204 

7 

192289 

196 

7 

208710 

188 

7 

224688 

182 

8 

176512 

288 

8 

192567 

224 

8 

208978 

216 

8 

224792 

208 

9 

175802 

261 

9 

192846 

262 

9 

209247 

241  j 

9 

226061 

234 

1600 

176091 

1660 

198126 

1620 

209616 

1 

1680 

226809 

1 

176881 

29 

1 

193408 

28 

1 

209788 

27 

1 

225568 

26 

2 

176670 

68 

2 

193681 

66 

2 

210061 

64 

2 

225826 

62 

8 

176969 

86 

8 

198959 

83 

8 

210318 

80 

8 

22C084 

77 

4 

177248 

116 

4 

194287 

111 

4 

210686 

107 

4 

226342 

103 

6 

177586 

144 

6 

194514 

189 

6 

210853 

184 

6 

226600 

129 

6 

177826 

173 

6 

194792 

166 

6 

211120 

161 

6 

226858 

166 

7 

178118 

202 

7 

195069 

194 

71211388 

187 

7 

227116 

181 

81178401 

281 

8 

195346 

222 

8 

211654 

214 

8 

227872 

206 

9  178689 

260 

9 

195623 

250 

9 

211921 

240 

9 

227680 

282 

1610 

178977 

1670 

196900 

1630 

212188 

1690 

227887 

1 

179264 

29 

1 

196176 

27 

1 

212454 

27 

1 

228144 

26 

2 

179562 

67 

2 

196452 

66 

2 

212720 

63 

2 

228400 

61 

8 

179839 

86 

8 

196729 

83 

8 

212986 

80 

8 

228667 

77 

4 

180126 

116 

4 

197005 

110 

4 

213252 

106 

4 

228918 

102 

6 

180418 

144 

6 

197281 

188 

6 

213618 

138 

6 

229170 

128 

6 

180699 

172 

6 

197666 

166 

6 

213788 

169 

6 

229426 

164 

7 

180986 

201 

7 

197832 

198 

7 

214049 

186 

7 

229682 

179 

8 

181272 

280 

8 

198107 

221 

8 

214814 

212 

8 

229988 

206 

9 

181668 

268 

9 

198382 

248 

9 

214679 

289 

9 

280193 

281 

1620 

181844 

1680 

198667 

1640 

214644 

1700 

230449 

I 

182129 

28 

1 

198982 

27 

1 

215109 

26 

I 

230704 

26 

2 '182116 

67 

2 

190206 

65 

2 

216873 

68 

2 

230960 

61 

8 

182700 

86 

8 

199481 

82 

8 

2156iJ8 

79 

8 

231215 

76 

4 

182986 

114 

4 

199766 

110 

4 

216902 

106 

4 

231470 

102 

6 

188270 

148 

6 

200029 

137 

6 

216166 

182 

5 

281724 

127 

6 

188664 

171 

6 

200803 

164 

6 

216430 

158 

6 

281979 

]68 

7 

188839 

200 

7 

200577 

192 

7 

216694 

186 

7 

282288 

178 

8 

184128 

228 

8 

200860 

219 

8 

216957 

211 

8 

282488 

204 

9 

184407 

266 

9 

201124 

247 

9 

217221 

288 

9 

232742 

229 

1680 

184691 

1690 

201397 

1660 

217484 

1710 

282996 

I 

184976 

28 

1 

201670 

27 

1 

217747 

26 

1 

233260 

26 

2 

185259 

67 

2 

201943 

64 

2 

218010 

62 

2 

283504 

61 

8 

186642 

86 

8 

202216 

82 

8 

218278 

79 

8 

283767 

76 

4 

186826 

118 

4 

202488 

109 

4 

218535 

106 

4 

284011 

101 

6 

186108 

142 

6 

202761 

136 

6 

218798 

181 

6 

234264 

127 

6 

186391 

170 

6 

203038 

163 

6 

219060 

167 

6 

284517 

162 

7 

186674 

198 

7 

208306 

191 

7 

219322 

188 

7 

284770 

177 

8 

186966 

227 

8 

203577 

218 

8 

219584 

210 

8 

235023 

202 

9 

187289 

266 

9 

203848 

246 

9 

219846 

286 

9 

236276 

228 

LOGARITHMS  OV  NUMBlto. 


• 

No. 

i^ 

Frop. 

Mo. 

W- 

p»o^ 

Mo. 

i^ 

Jfop. 
fkn. 

Ko. 

z^ 

fS 

1720 

285528 

1780 

250420 

1840 

264818 

1900 

278754 

1 

285781 

25 

1  ■  250664 

24 

1 

266054 

28 

1 

278982 

28 

2 

28(H)83 

60 

2  250908 

49 

2 

266290 

47 

2 

279210 

46 

8 

286285 

76 

3  251151 

78 

8 

265626 

70 

8 

279439 

68 

4 

286587 

101 

4  251895 

97 

4 

265761 

94 

4 

279667 

91 

6 

286789 

126 

6 1 251638 

121 

6 

265996 

117 

6 

279895 

114 

6 

237041 

151 

Ol 251881 

146 

6 

266282 

141 

6 

280123 

137 

7 

287292 

176 

7  ;  252125 

171 

7 

266467 

164 

7 

280351 

160 

8 

237644 

202 

8 '  252867 

195 

8 

266702 

188 

8 

280578 

182 

9 

287795 

227 

9 

252610 

219 

9 

266937 

211 

0 

280806 

206 

1780 

28804G 

1700 

252853 

1850 

207172 

1910 

281033 

1 

288297 

,25 

1 

253096 

24 

1 

267406 

28 

1 

281261 

23 

2 

238548 

50 

2 ! 253838 

48 

2 

267641 

47 

2 

281488 

46 

8 

288799 

76 

8 1 258580 

73 

8 

267876 

70 

8 

281715 

68 

4 

289049 

100 

4 1 253822 

97 

4 

268110 

94 

4 

281942 

91 

6 

239299 

125 

5  254064 

121 

6 

268344 

117 

6 

282169 ; 118 

6 

239550 

150 

6  254306 

145 

^ 

268678 

141 

6 

282395  136 

7 

239800 

175 

7 

254548 

170 

7 

268812 

164 

7 

282622 

169 

8 

240050 

200 

8 

254790 

194 

8 

269046 

188 

8 

282849 

181 

9 

240300 

225 

9 

255031 

218 

9 

269279 

211 

9  283075 

204 

1740 

240549 

1800 

255278 

1860 

269613 

3920  283801 

1 

240799 

26 

1 

255514 

24 

1 

269746 

23 

1  288627 

23 

2 

241048 

60 

2 

255765 

48 

2 

269980 

47 

2  288753 

45 

8 

241297 

75 

8 

255996 

72 

8 

270218 

70 

8  283979 

68 

4 

241546 

100 

4 

256236 

96 

4 

270446 

98 

4  284205 

90 

5 

241795 

124 

6 

266477 

120 

6 

270679 

116 

6 ! 284431 

118 

6 

242044 

149 

6 

256718 

144 

6 

270912 

140 

6 

284656 

135 

7 

242293 

174 

7 

256958 

168 

7 

271144 

168 

7 

284882 , 158 

8 

242541 

199 

8 

257198 

192 

8 

271377 

186 

8 

285107  180 

9 

242790 

223 

9 

257489 

216 

9 

271609 

210 

9 

285332  203 

1750 

243038 

1810 

257679 

1870 

271842 

1980 

286657 

1 

243280 

25 

1 

257918 

24 

1 

272074 

28 

1 

285782 

22 

2 

243534 

50 

2 

258158 

48 

2 

272306 

46 

2 

286007 

46 

8 

243782 

74 

8 

258398 

72 

8 

272588 

70 

8 

286232 

67 

4 

244030 

99 

4 

258687 

96 

4 

272776 

98 

4 

286456 

89 

5 

214277 

124 

6 

258877 

120 

6 

273001 

116 

6 

286681 

112 

6 

244524 

149 

6 

259116 

144 

6 

273283 

139 

6 

286906 

134 

7 

244772 

174 

7 

259355 

167 

7 

273464 

162 

7 

287180 

157 

8 

245019 

198 

8 

259594 

192 

8 

273696 

186 

8 

287364 

179 

9 

245266 

222 

9 

259833 

216 

9 

278927 

209 

9 

287678 

202 

1760 

245518 

1820 

260071 

1880 

274168 

1940 

287802 

1 

245759 

26 

1 

260310 

24 

1 

274389 

28 

1 

288026 

22 

2 

246006 

49 

2 

260548 

48 

2 

274620 

46 

2 

288249 

46 

8 

246252 

74 

8 

260787 

71 

8 

274850 

69 

8 

288478 

67 

4 

246499 

98 

4 

261025 

95 

4 

275081 

92 

4 

288696 

89 

6 

246745 

123 

6 

261263 

119 

6 

275311 

116 

5 

288920 

112 

6 

246991 

148 

6 

261501 

143 

6 

275542 

188 

6 

289143 

184 

7 

247236 

173 

7 

261738 

167 

7 

275772 

161 

7 

289366 

166 

8 

247482 

197 

8 

261976 

191 

8 

276002 

184 

8 

289589 

178 

9 

247728 

221 

9 

262214 

214 

9 

276232 

207 

9 

289812 

201 

1770 

247973 

1880 

262451 

1890 

276462 

1960 

290036 

1 

248219 

25 

1 

262688 

24 

1 

276691 

28 

I 

290257 

22 

2 

248464 

49 

2 

262925 

47 

2 

276921 

46 

2 

290480 

44 

8 

248709 

74 

3 

263162 

71 

8 

277161 

69 

8 

290702 

67 

4 

248954 

98 

4 

263399 

95 

4 

277380 

92 

4 

290925 

89 

6 

249198 

128 

6 

263636 

118 

6 

277609 

116 

6 

291147 

111 

6 

249443 

147 

6 

263873 

142 

6 

277838 

188 

6 

291369 

133 

7 

249687 

172 

7 

264109 

166 

7 

278067 

161 

7 

291591 

166 

8 

249982 

196 

8 

264346 

190 

8 

278296 

183 

8 

291813 

178 

9 

250176 

220 

9 

2646S2 

218 

9 

278626 

206 

9 

292084 

200 

LOGARITHMS  OF  KUMBBRS. 


No. 

Log- 

No. 

Lof . 

Prop. 

No. 

Log. 

Prep. 
Pan. 

No. 

i^g. 

Prop. 
P»rt. 

19^0 

292256 

2020 

805851 

2080 

818068 

2140 

880414 

1 

292478 

22 

1 

305566 

21 

1 

818272 

21 

1 

830617 

20 

2 

292699 

44 

2 

805781 

48 

2 

818481 

42 

2 

330819 

40 

3 

292920 

66 

8 

805996 

64 

8 

818689 

68 

8 

331022 

61 

4 

293141 

88 

4 

806211 

86 

4 

818898 

88 

4 

331225 

81 

5 

293868 

110 

6 

806425 

107 

5 

319106 

104 

,  6 

831427 

101 

6 

293688 

138 

6 

306689 

129 

6 

819814 

126 

6 

831630 

121 

7 

293804 

156 

7 

3U6854 

160 

7 

819522 

146 

7 

381832 

141 

8 

294025 

177 

8 

307068 

172 

8 

819780 

167 

8 

832034 

162 

9 

294246 

199 

9 

307282 

198 

9 

819938 

188 

9 

882286 

182 

•  1970 

294466 

2080 

307496 

2090 

320146 

2150 

882488 

1 

294687 

22 

1 

307710 

21 

1 

820854 

21 

1 

882640 

20 

2 

294907 

44 

2 

807924 

43 

2 

820562 

41 

2 

882842 

40 

8 

295127 

66 

3 

808137 

64 

8 

320769 

62 

8 

838044 

60 

4 

296847 

88 

4 

308351 

80! 

4 

320977 

88 

4 

883246 

81 

6 

295667 

110 

6 

308664 

107 

5 

821184 

104 

6 

838447 

101 

6 

295787 

132 

6 

308778 

128 

6 

821891 

125 

6 

838649 

121 

7 

296007 

154 

7 

808991 

149 

7 

321698 

145 

7 

888860 

141 

8 

296226 

176 

8 

309204 

171 

8 

821805 

166 

8 

884051 

161 

9 

296446 

198 

9 

30U417 

192 

9 

322012 

187 

9 

834258 

181 

1980 

296665 

2040 

309630 

2100 

322219 

21C0 

384454 

i 

296884 

22 

1 

309848 

21 

1 

822426 

21 

1 

334665 

20 

2 

297104 

44 

*> 

810056 

43 

2 

822638 

41 

2 

334866 

40 

8 

297328 

66 

8 

810268 

64 

8 

322839 

62 

8 

336066 

60 

4 

297542 

88 

4 

810481 

85 

4 

823046 

82 

4 

336267 

80 

5 

297761 

109 

6 

310693 

106 

5 

323252 

108 

5 

335468 

100 

6 

297979 

181 

6 

310906 

127 

6 

328458  1  124 

6 

385668 

120 

7 

298198 

158 

7 

311118 

148 

7 

828665  ;  144 

7 

335859 

140 

8 

298416 

176 

8 

311330 

170 

8 

828871 

165 

8 

836059 

16U 

9 

298635 

197 

9 

811542 

191 

9 

824077 

186 

9 

886260 

180 

1990 

298858 

2050 

811754 

2110 

324282 

2170 

386460 

1 

299071 

22 

1 

811966 

21 

1 

324488 

21 

1 

336660 

20 

2 

299289 

44 

2 

312177 

42 

2 

324694 

41 

2 

336860 

40 

8 

299507 

65 

8 

812889 

63 

8 

824899 

62 

8 

337060 

60 

4 

299725 

87 

4 

812600 

84 

4 

825105 

82 

4 

837260 

80 

6 

299943 

109 

5 

812812 

106 

5 

826310 

103 

5 

337459 

100 

6 

300160 

131 

6 

313023 

127 

6 

825516 

123 

6 

337659 

120 

7 

800378 

168 

7 

313284 

148 

7 

826721 

144 

7 

387858 

140 

8 

300595 

174 

8 

813445 

160 

8 

826926 

164 

8 

338058 

160 

9 

300813 

196 

9 

813656 

190 

9 

826131 

185 

9 

338257 

180 

2000 

801080 

2060 

313867 

2120 

826836 

2180 

338456 

1 

801247 

22 

1 

314078 

21 

1 

826541 

20 

1 

838656 

20 

2 

801464 

48 

2 

814289 

42 

2 

826745 

41 

2 

338855 

40 

8 

301681 

65 

8 

814499 

68 

8 

826950 

61 

8 

839054 

60 

4 

801898 

87 

4 

814710 

84 

4 

827155 

82 

4 

839258 

80 

5 

802114 

108 

5 

814920 

105 

5 

827859 

102 

6 

339451 

100 

6 

802881 

180 

6 

815180 

126 

6 

327568 

128 

6 

839650 

119 

7 

302547 

152 

7 

815340 

147 

7 

827767 

148 

7 

839849 

139 

8 

802764 

178 

8 

815550 

168 

8 

327972 

164 

8 

840047 

159 

9 

802980 

195 

9 

815760 

189 

9 

328176 

184 

9 

840246 

179 

2010 

803196 

2070 

815970 

2180 

328880 

2190 

840444 

1 

808412 

22 

1 

816180 

21 

1 

828583 

20 

1 

840642 

20 

2 

308628 

48 

2 

816890 

42 

2 

328787 

41 

2 

840841 

40 

8 

803844 

65 

8 

816599 

68 

8 

328991 

61 

8 

341089 

59 

4 

804059 

86 

4 

816809 

84 

4 

329194 

81 

4 

341287 

79 

6 

804275 

108 

5 

817018 

105 

5 

329898 

102 

5 

841435 

99 

6 

304490 

129 

6 

817227 

126 

6 

329601 

122 

6 

841632 

119 

7 

804706 

161 

7 

817486 

147 

7 

829805 

142 

7 

841830 

189 

8 

804921 

172 

8 

817645 

168 

8 

330008 

168 

8 

342028 

158 

^ 

806136 

194 

9  817854 

189 

9 

880211 

188 

9 

842225 

178 

LOGARITHMS   OF  KUMBERS. 


Ko. 

Lof. 

?K 

Ko, 

i^. 

Pvop. 
Pfcrt. 

!  No. 

1 

Loff. 

Prop. 

Ho. 

i*«. 

Ptev 

2200 

842428 

2260 

854108 

2820 

865488 

2880 

87«677 

1 

842620 

20 

1 

854801 

19 

1 

865675 

19 

1 

876759 

18 

2 

842817 

89 

2 

854498 

88 

2 

865862 

87 

2 

876942 

86 

8 

848014 

59 

8 

854686 

68 

8 

866049 

56 

8 

877124 

65 

4 

848212 

79 

4 

854876 

77 

4 

866286 

75 

4 

377306 

78 

6 

848409 

99 

5 

855068 

96 

6 

866428 

9S 

6 

877488 

91 

6 

848606 

118 

6 

855260 

115 

6 

866610 

112 

6 

877670 

109 

7 

848802 

138 

7 

855452 

184 

7 

866796 

181 

7 

877^52 

127 

8 

848999 

158 

8 

855648 

154 

8 

866988 

150 

8 

878034 

146  1 

0 

844196 

178 

« 

855834 

178 

9 

867169 

168 

9 

878216 

164 

2210 

844892 

2270 

856026 

2830 

867856 

2890 

878898 

1 

844589 

20 

1 

866217 

19 

1 

867542 

19 

1 

878580 

18 

2 

844785 

89 

2 

856408 

88 

2 

867729 

87 

2 

878761 

36 

8 

844981 

59 

8 

856599 

57 

8 

867915 

56 

& 

878948 

55 

4 

845178 

78 

4 

856790 

76 

4 

868101 

75 

4 

879124 

78 

6 

845874 

98 

6 

856981 

96 

5 

868287 

93 

5 

879806 

91 

6 

845570 

118 

6 

357172 

115 

6 

868473 

112 

6 

879487 

109 

7 

845766 

187 

7 

357863 

134 

7 

868659 

180 

7 

879668 

127 

8 

845962 

167 

8 

857564 

158 

8 

868844 

149 

8 

879849 

146 

9 

846157 

176 

9 

857744 

172 

9 

869080 

167 

9 

880030 

164 

2220 

846858 

2280 

857936 

2840 

869216 

2400 

880211 

1 

846549 

19 

1 

858125 

19 

1 

869401 

19 

1 

380392 

18 

2 

846744 

89 

2 

358316 

88 

2 

869587 

87 

2 

880673 

36 

8 

846939 

58 

8 

858606 

57 

8 

869772 

56 

8 

880754 

55 

4 

847185 

78 

4 

858696 

76 

4 

869958 

74 

4 

380934 

78 

5 

847880 

97 

6 

858886 

95 

6 

870148 

98 

6 

381115 

91 

6 

847525 

117  1 

6 

359076 

114 

6 

870828 

111 

6 

881296 

109 

7 

847720 

187 

7 

859266 

133 

7 

870518 

180 

7 

381476 

127 

8 

847915 

156 

8 

859466 

152 

8 

870698 

148 

8 

881656 

146 

9 

848110 

175 

9 

859646 

171 

9 

870888 

167 

9 

881837 

163 

2280 

848805 

2290 

859835 

2850 

871068 

2410:882017 

1 

818500 

19 

1 

860026 

19 

1 

371258 

18 

1 i  882197 

18 

2 

848694 

89 

2 

860215 

88 

2 

371487 

87 

21882877 

36 

8 

848889 

58 

8 

360404 

67 

8 

871622 

56 

8  882557 

54 

4 

849083 

78 

4 

300598 

76 

4 

371806 

74 

4 

882737 

72 

6 

849278 

97 

5 

860783 

95 

5 

871991 

92 

5 

882917 

90 

6 

849472 

117 

6 

860972 

114 

6 

372176 

111 

6 

883097 

108 

7 

849666 

187 

7 

861161 

183 

7 

872860 

129' 

7 

888277 

126 

8 

849860 

156 

8 

861850 

152 

8 

372544 

148 

8 

888466 

144 

9 

850054 

175 

9 

861589 

171 

9 

372728 

166 

9 

883636 

162 

2240 

850248 

2800 

861728 

2360 

872912 

2420 

883815 

1 

850442 

19 

1 

861917 

19 

1 

878096 

18 

1 

883995 

18 

2 

850636 

89 

2 

362105 

88 

2 

878280 

87 

2 

884174 

36 

8 

350829 

68 

8 

862294 

56 

8 

873464 

65 

8 

884358 

54 

4 

851023 

77 

4 

862482 

76 

4 

878647 

74 

4 

884588 

72 

6 

851216 

97 

5 

862671 

94 

5 

878881 

92 

5 

384712 

90 

6  861410 

116 

6 

362859 

118 

6 

874016 

110 

6 

884891 

108 

7 

851603 

185 

7 

868048 

182 

7 

874198 

129 

7 

885070 

126 

8 

851796 

155 

8 

863236 

151 

8 

874882 

147 

8 

885249 

144 

9 

851989 

174 

9 

868424 

170 

9 

874566 

166 

9 

385428 

1^ 

2250 

852182 

2310 

868612 

2870 

874748 

2480 

885606 

1 

852875 

19 

1 

863800 

19 

1 

874982 

18 

1 

885785 

18 

2 1 852568 

88" 

2 

868988 

87 

2 

875115 

87 

2 

885964 

86 

8 1 852761 

68 

8 

364176 

56 

8 

875298 

55 

8 

386142 

53 

4 1 852954 

77 

4 

864368 

75 

4 

875481 

78 

4 

886821 

71 

5 1 853147 

96 

6 

864551 

94 

5 

876664 

92 

5 

886499 

89 

6 ; 353839 

116 

6 

864789 

112 

6 

875846 

110 

6 

386677 

107 

7 1 863682 

134 

7 

864926 

131 

7 

876029 

128 

7 

886856 

125 

8  853724 

154 

8 

365118 

150 

8 

876212 

147 

8 

887034 

143 

9  j  853916 

173 

9 

865801 

169 

"9 

876894 

165 

9 

887212 

161 
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Xo. 

Log. 

Prop. 
Put. 

Mo.  1  U9. 

RS-, 

No. 

Lo«. 

Prop. 
Pirt 

No. 

W. 

Prop. 

2440 

887890 

2600 

897940 

2660 

408240 

2620 

418801 

1 

887568 

18 

1 

898114 

17 

1 

408410 

17 

1 

418467 

17 

2 

887746 

36 

2 

898287 

85 

2 

408579 

84 

2 

418688 

88 

8 

887928 

63 

8 

898461 

68 

8 

408749 

51 

3 

418798 

50 

4 

888101 

71 

4 

898684 

69 

4 

408918 

68 

4 

418964 

66 

5 

888279 

89 

6 

898808 

87 

6 

409087 

85 

6 

419129 

88 

6 

888466 

107 

6 

898981 

104 

6 

409267 

102 

6 

419295 

99 

7 

888684 

125 

7 

899164 

121 

7 

409426 

119 

7 

419460 

116 

8 

888811 

142 

8 

899827 

188 

8 

409595 

136 

8 

419626 

182 

9 

888989 

160 

9 

899501 

166 

9 

409764 

158 

9 

419791 

149 

2460 

889166 

2510 

899674 

2670 

409988 

2680 

419966 

1 

889848 

18 

1 

899847 

17 

1 

410102 

17 

1 

420121 

16 

2 

889620 

86 

2 

400020 

85 

2 

410271 

84 

2 

420286 

88 

8 

889697 

68 

8 

400192 

63 

8 

410440 

60 

8 

420461 

49 

4 

389876 

71 

4 

400866 

69 

4 

410608 

67 

4 

420616 

66 

6 

890061 

89 

6 

400588 

87 

6 

410777 

84 

6 

420781 

82 

6 

890228 

107 

6 

400711 

104 

6 

410946 

101 

6 

420945 

99 

7 

890406 

125 

7 

400888 

121 

7 

411114 

118 

7 

421110 

116 

8 

890682 

142 

8 

401056 

1381 

8 

411288 

185 

8 

421275 

182 

9 

890769 

160 

9 

401228 

166 1 

9 

411461 

162 

9 

421439 

148 

2460 

890986 

2520 

401400 

2580 

411620 

2640 

421604 

1 

891112 

18 

1 

401573 

17 

1 

411788 

17 

1 

421768 

16 

2 

891288 

85 

2 

401745 

84 

2 

411966 

84 

2 

421988 

88 

8 

891464 

63 

8 

401917 

62  i 

8 

412124 

60 

3 

422097 

49 

4 

891641 

70 

4 

402089 

69- 

4 

412292 

67 

4 

422261 

66 

6 

891817 

88 

6 

402261 

86 

6 

412460 

84 

5 

422426 

82 

6 

891998 

106 

6 

402483 

1031 

6 

412628 

101 

6 

422690 

99 

7 

892169 

123 

7 

402605 

120 

7 

412796 

118 

7 

422764 

116 

8 

892845 

141 

8 

402777 

138 

8 

412964 

135 

8 

422918 

132 

9 

892621 

168 

9 

402949 

155 

9 

413182 

162 

9 

428082 

148 

2470 

892697 

2530 

408120 

2690 

418800 

2660 

428246 

1 

392878 

18 

1 

408292 

17 

1 

418467 

17! 

1 

428410 

16 

2 

898048 

85 

2 

408464 

84 

2 

418635 

33 

2 

428678 

83 

8 

898224 

63 

8 

403635 

62 

8 

413802 

60 

8 

428787 

49 

4 

893400 

70 

4 

403807 

69 

4 

413970 

67 

4 

423001 

66 

6 

893676 

88 

6 

403978 

86 

6 

414187 

84 

6 

424064 

81 

6 

398761 

106 

6 

404149 

103 

6 

414805 

101 

6 

424228 

98 

7 

398926 

123 

7 

404320 

120 

7 

414472 

117 

7 

424892 

114 

8 

894101 

141 

8 

404492 

187 

8 

414689 

134 

8 

424655 

181 

9 

894276 

168 

9 

404668 

164 

9 

414806 

151 

9 

424718 

147 

2480 

894452 

2540 

404884 

2600 

414973 

1 

2660 

424882 

•   1 

894627 

17 

1 

406005 

17 

1 

416140 

17 

1 

426046 

16 

2 

894802 

85 

2 

406176 

84 

2 

416807 

83 

2 

426208 

88 

8 

394977 

68 

8 

406846 

61 

8 

416474 

60 

8 

426871 

49 

4 

895162 

70 

4 

405617 

68 

4 

416641 

67' 

4 

426634 

66 

6 

895326 

87 

6 

405688 

85 

6 

416808 

84 

6 

426697 

81 

6 

396601 

104 

6 

405858 

102 

6 

415974 

101 

6 

426860 

98 

7 

395676 

122 

7 

406029 

119 

7 

416141 

117 

7 

426023 

114 

8 

806860 

189 

8 

406199 

186 

8 

416808 

184 

8 

426186 

180 

9 

396026 

167 

9 

406370 

153 

9 

416474 

160 

9 

426849 

147 

2490 

896199 

2560 

406640 

2610 

416640 

2670 

426611 

1 

896874 

17 

1 

406710 

17 

1 

416807 

17 

1   1 

426674 

16 

2 

896648 

86 

2 

406881 

84 

2 

416978 

88 

'   2 

426886 

88 

8 

896722 

63 

8 

407061 

61 

8 

417189 

60 

8 

426999 

49 

4 

396896 

70 

4 

407221 

68 

4 

417806 

66 

4 

427161 

66 

6 

897070 

87 

6 

407391 

85 

6 

417472 

88: 

6 

427824 

81 

6 

897245 

104 

•  6 

407561 

102 

6 

417688 

100, 

6 

427486 

98 

7 

897418 

122 

7 

407731 

119 

7 

417804 

116  i 

7 

427648 

114 

8 

897592 

189 

8 

407900 

186 

8 

417970 

183; 

8 

427811 

180 

9 

897766 

157 

9 

408070 

163 

9 

418136 

149 

9 

427978 

147 

10 
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N*. 

LPf. 

Prop. 
Pttrt. 

Ho. 

i^. 

Prop. 

Ko. 

L6«. 

2Jt 

No. 

i^ 

s?; 

2680 

428185 

2740 

437751 

2800 

447158 

2860 

456366 

1 

428297 

16 

1 

487909 

16 

1 

447818 

15 

1 

456518 

15 

2 

428459 

82 

2 

438067 

82 

2 

447468 

81 

2 

456670 

30; 

8 

428521 

48 

8 

488226 

47 

3 

447623 

46 

3  456821 

46 

4 

428782 

65 

4 

488884 

68 

4 

447778 

62 

4 

456978 

61 

6 

428944 

81 

5 

438542 

79 

5 

447988 

77 

5 

467125 

76 

6 

429106 

97 

6 

488700 

95 

6 

448088 

93 

6 

457276 

91 

7 

4292t)8 

118 

7 

488859 

111 

7 

448242 

108 

7 

457428 

106 

8 

429429 

129 

8 

489017 

127 

8 

448397 

124 

8 

457679 

121* 

» 

429591 

145 

9 

489175 

148 

9 

448552 

139 

9 

457730  137  ' 

2690 

429752 

2750 

489383 

2810 

448706 

2870 

457882 

1 

429914 

16 

1 

489491 

16 

1 

448861 

16 

1 

458033 

15 

2 

480075 

82 

2 

439648 

32 

2 

449015 

31 

2 

458184 

SO. 

8 

480286 

48 

8 

489806 

47 

8 

449170 

46 

3 

458836 

45 

4 

480398 

65 

4 

439964 

63 

4 

449824 

62 

4 

468487 

61 

5 

480559 

81 

5 

440122 

79 

5 

449478 

77 

5 

458638 

76 

6 

480720 

97 

6 

440279 

95 

6 

440688 

92 

6 

458789 

91, 

7 

480881 

118 

7 

440437 

HI 

7 

449787 

108 

7 

458940 

106 

8 

481042 

129 

8 

440594 

126 

8 

449941 

128 

8 

459091  >  1:21  1 

9 

481208 

145 

9 

440752 

142" 

9 

450096 

139 

9 

459242  136  1 

2700 

481864 

2760 

440909 

2820 

450249 

2880 

459392 

1 

1 

481525 

16 

1 

441066 

16 

1 

450403 

16 

1 

459543 

15  1 

2 

481685 

82 

2 

441224 

81 

2 

450557 

81 

2 

459694 

80 

8 

431846 

48 

8 

441881 

47 

8 

450711 

46 

8 

459845 

45' 

4 

482007 

64 

4 

441588 

63 

4 

450865 

62 

4 

459995 

61  ■ 

6 

482167 

80 

5 

441695 

78 

5 

451018 

77 

5 

460146 

76 

6 

482828 

96 

6 

441852 

94 

6 

451172 

92 

6 

460296 

91 

7 

482488 

112 

7 

442009 

110 

7 

451826 

108 

7 

460447 

106 

8 

482649 

128 

8 

442166 

126 

8 

451479 

128 

8 

460597 

121 

9 

482809 

144 

9 

442828 

141 

9 

451638 

189 

9 

460747  i  136  | 

2710 

432969 

2770 

442480 

2830 

451780 

2890 

460898 

1 

488129 

16 

1 

442686 

16 

1 

461940 

16 

1 

461048 

15 

2 

488290 

82 

2 

442798 

81 

2 

462093 

81 

2 

461198 

80 

8 

438450 

48 

3 

442950 

47 

8 

452247 

46 

8 

461348 

45 

4 

488610 

64 

4 

448106 

68 

4 

462400 

61 

4 

461498 

60 

6 

488770 

80 

5 

448268 

78 

5 

462663 

77 

5 

461649 

75 

6 

488980 

96 

6 

448419 

94 

6 

452706 

92 

6 

461799 

90 

7 

484090 

112 

7 

448576 

110 

7 

452869 

107 

7 

4G1948 

105 

8 

484249 

128 

8 

448782 

126 

8 

453012 

128 

8 

462098 

120 

9 

484409 

144 

9 

448888 

141 

9 

458165 

188 

9 

462248 

135 

2720 

484569 

2780 

444045 

2840 

453318 

2900 

462898 

1 

484728 

16 

1 

444201 

16 

1 

463471 

16 

1 

462548 

15 

2 

434888 

82 

2 

444857 

81 

2 

463624 

81 

2 

462697 

30 

8 

485048 

48 

8 

444518 

47 

8 

463777 

46 

8 

462847 

45 

4 

436207 

64 

4 

444669 

62 

4 

453980 

61 

4 

462997 

60 

6 

485866 

80 

5 

444825 

78 

5 

464082 

77 

6 

463146 

75 

6 

485526 

96 

6 

444981 

94 

6 

464235 

92 

C 

468296 

90 

7 

435685 

112 

7 

445187 

109 

7 

464887 

107 

7 

463445 

106 

8 

485844 

128 

8 

445298 

126 

8 

464540 

123 

8 

463594 

120 

9 

436008 

144 

9 

445448 

140 

9 

454692 

138 

9 

463744 

135 

2780 

436163 

2790 

445604 

2850 

464846 

2910 

463893 

1 

436822 

16 

1 

445760 

16 

1 

464997 

16 

1 

464042 

15 

2 

486481 

32 

2 

445915 

81 

2 

456149 

30 

2  464191 

30 

8 

486640 

47 

3 

446071 

47 

8 

456802 

46 

3 

464340 

45 

4 

486798 

63 

4 

446226 

62 

4 

465454 

61 

4 

464489 

60 

6 

486957 

79 

5 

446382 

78 

5 

456606 

76 

5 

464639 

75 

6 

487116 

95 

6 

446587 

94 

6 

466758 

91 

6 

464787 

90 

7 

437275 

111 

7 

446692 

109 

7 

465910 

106 

7 

464936 

105 

8 

487438 

127 

8 

446848 

125 

.  8 

466062 

122 

8 

465085 

120 

9 

487592 

148 

9 

447003 

140 

9 

466214 

187 

9  466234 

135 
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No. 

Log. 

Fr.p. 
Part. 

No. 

Log. 

Prop. 
Part. 

No. 

Lofr 

IS; 

No. 

l-» 

Pro^. 
Part. 

2920 

465888 

2980 

474216 

3040 

482874 

8100 

491362 

1 

465532 

15 

1 

474862 

15 

1 

488016 

14 

1 

491602 

14 

2 

466680 

80 

2 

474608 

29 

2 

483159 

28 

2 

491642 

28 

8 

465829 

44 

8 

474668 

44 

8 

483302 

48 

8 

491782 

42 

4 

466977 

59 

4 

474799 

58 

4 

488446 

67 

4 

491922 

56 

6 

466126 

74 

6 

474944 

73 

5 

488687 

71 

5 

492062 

70 

6 

466274 

89 

6 

475090 

88 

6 

488780 

85 

6 

492201 

84 

7 

466428 

104 

7 

476236 

102 

7 

488872 

99 

7 

492341 

98 

8 

466671 

118 

8 

476381 

117 

8 

484016 

114 

8 

492481 

112 

9 

466719 

188 

9 

476526 

131 

9 

484167 

128 

9 

492621 

126 

2980 

466868 

2990 

476671 

3060 

484300 

8110 

492760 

1 

467016 

16 

1 

476816 

15 

1 

484442 

14 

1 

492900 

14 

2 

467164 

80 

2 

476962 

29 

2 

484684 

28 

2 

493040 

28 

8 

467812 

44 

8 

476107 

43 

8 

484727 

43 

8 

493179 

42 

4 

467460 

59 

4 

476252 

58 

4 

484869 

57 

4 

493319 

56 

5 

467608 

74 

5 

476397 

72 

6 

485011 

71 

5 

493468 

70 

6 

467766 

89 

6 

476642 

87 

6 

485163 

85 

6 

493597 

84 

7 

467904 

104 

7 

476687 

101 

7 

485295 

99 

7 

498737 

98 

8 

468052 

118 

8 

476832 

116 

8 

485437 

114 

8 

493876 

142 

9 

468200 

188 

9 

476976 

130 

9 

485679 

128 

9 

494015 

126 

2940 

468847 

8000 

477121 

8060 

485721 

3120 

494166 

1 

468495 

15 

1 

477266 

14 

1 

486868 

14 

1 

494294 

14 

2 

468648 

30 

2 

477411 

29 

2 

486005 

28 

2 

494433 

28 

8 

468790 

44 

8 

477655 

48 

8 

486147 

48 

8 

494672 

41 

4 

868938 

59 

4 

477700 

68 

4 

486289 

57 

4 

494711 

56 

6 

469085 

74 

6 

477844 

72 

6 

486480 

71 

6 

494860 

69 

6 

469288 

89 

6 

477989 

87. 

6 

486572 

86 

6 

494989 

83 

7 

469380 

104 

7 

478133 

101 

7 

486714 

99 

7 

496128 

97 

8 

469527 

118 

8 

478278 

116 

8 

486855 

114 

8 

495267 

111 

9 

469675 

138 

9 

478422 

180 

9 

486997 

128 

9 

496406 

125 

2950 

469822 

3010 

478566 

3070 

487188 

3180 

495544 

1 

469969 

16 

1 

478711 

14 

1 

487280 

14 

1 

495683 

14 

2 

470116 

29 

2 

478856 

29  1 

2 

487421 

28 

2 

495822 

28 

8 

470268 

44 

8 

478999 

48  ' 

8 

487668 

42 

8 

496960 

41 

4 

470410 

69 

4 

479143 

58; 

4 

487704 

57 

4 

496099 

56 

5 

470657 

74 

5 

479287 

72' 

5 

487845 

71 

6 

496237 

69 

6 

470704 

88 

6 

479431 

86: 

6 

487986 

85 

6 

496376 

88 

7 

470861 

103 

7 

479676 

101 

7 

488127 

99 

7 

496514 

97 

8 

470998 

118 

8 

479719 

116  > 

8 

488269 

113 

8 

496663 

111 

9 

471145 

182 

9 

479863 

130 

9 

488410 

127 

9 

496791 

126 

2960 

471292 

3020 

480007 

8080 

488561 

8140 

496930 

1 

471438 

15 

1 

480161 

14! 

1 

488692 

14 

1 

497068 

14 

2 

471685 

29 

2 

480294 

29 

2 

48883a 

28 

2 

497206 

28 

8 

471732 

44 

8 

480488 

48 

8 

488973 

42 

8 

497844 

41 

4 

471878 

69 

4 

480582 

58 

4 

489114 

56 

4 

497482 

56 

6 

472025 

78 

5 

480725 

72 

5 

489255 

70 

5 

497621 

69 

6 

472171 

88 

6 

480869 

86 

6 

489396 

84 

6 

497759 

88 

7 

472317 

102 

7 

481012 

101 

7 

489537 

98 

7 

497897 

97 

8 

472464 

117 

8 

481156 

115 

8 

489677 

112 

8 

498035 

110 

9 

472610 

182 

9 

481299 

130 

9 

489818 

126 

9 

498173 

124 

1  2970 

472756 

8080 

481443 

8090 

489958 

8150 

498811 

1 

472908 

15 

1 

481686 

14 

1 

490099 

14 

1 

498448 

14 

2  478049 

29 

2 

481729 

29 

2 

490239 

28 

2 

498686 

28 

8  478196 

44 

8 

481872 

48 

8 

490380 

42 

8 

498724 

41 

4 1 473841 

59 

4 

482016 

57 

4 

490620 

56 

4 

498862 

65 

6 1 478487 

78 

5 

482169 

71' 

5 

490661 

70 

5 

498999 

69 

6 1 478638 

88 

6 

482302 

86 

6 

490801 

84 

6 

499137 

83 

i    7 

473779 

102 

7 

482446 

100 

7 

490941 

98 

7 

499275 

97 

!    8 

473925 

117 

8 

482588 

114 

8 

491081 

112 

8 

490412 

110 

9 1 474070 

182 

9 

482731 

129 

9 

491222 

126 

9 

499550 

124 

12 


IiOOABirHMS  OF  HUKBXB8. 


N«. 

Los. 

PtfL 

No. 

hog. 

la 

Ho. 

Lof. 

ss- 

Ho. 

i-«. 

52- 

8160 

499687 

8220 

607866 

3280 

515874 

8340 

528746 

1 

1 

499824 

14 

1 

607991 

18 

1 

616006 

18 

1 

628876 

18 

2 

499962 

27 

2 

508125 

27 

2 

516189 

26 

2 

624006 

26. 

8 

600099 

41 

8 

508260 

40 

8 

516271 

40 

8 

524186 

89 

4 

600286 

56 

4 

508395 

54 

4 

516403 

58 

4 

624266 

62 

6 

600374 

68 

5 

508630 

67 

5 • 516685 

66 

6 

624396 

65 

6 

500611 

82 

6 

506664 

81 

6 

516608 

79 

6 

524526 

78. 

7 

600648 

96 

7 

608799 

94 

7 

516800 

92 

7 

624666 

91 

8 

600786 

110 

8 

608938 

108 

8 

616932 

106 

8 

524785 

104 

9 

600922 

128 

9 

509068 

121 

9 

517064 

119 

9 

524915 

117 

8170 

601069 

8280 

509202 

8290 

617196 

3350 

526045 

1 

601196 

14 

1 

509837 

18 

1 

517828 

18 

1 

625174 

18 

2 

601888 

27 

2 

609471 

27 

2 

517460 

26 

2 

525804 

26 

8 

601470 

41 

8 

509606 

40 

8 

617692 

40 

8 

525434 

39 

4 

601607 

56 

4 

509740 

64 

4 

517724 

53 

4 

526663 

52 

6 

601744 

68 

6 

609874 

67 

5 

517866 

66 

6 

525693 

65 

6 

601880 

82 

6 

610008 

81 

6 

517987 

79 

6 

525822 

78 

7 

602017 

96 

7 

610148 

94 

7 

518119 

92 

7 

526951 

91 

8 

602164 

110 

8 

610277 

108 

8 

518251 

106 

8 

526081 

104 

9 

602290 

128 

9 

610411 

121 

9 

518882 

119 

9 

526210 

117 

8180 

602427 

8240 

510546 

8800 

518514 

8860 

526839 

1 

602664 

14 

1 

610679 

13 

1 

618646 

13 

1 

526468 

13 

2 

602700 

27 

2 

610818 

27 

2 

518777 

26 

2 

526598 

26 

8 

602887 

41 

8 

610947 

40 

8 

518909 

89 

8 

526727 

89 

4 

602978 

54 

4 

611081 

54 

4 

619040 

62 

4 

526856 

52 

6 

608109 

68 

5 

511215 

67 

5 

519171 

66 

5 

526985 

65 

6 

608246 

82 

6 

611848 

80 

6 

619308 

79 

6 

527114 

78 

7 

608882 

96 

7 

511482 

94 

7 

519484 

92 

7 

62724$ 

91 

8 

608618 

109 

8 

511616 

107 

8 

619666 

105 

8 

527372 

104 

9 

608664 

128 

9 

511750 

121 

9 

519697 

118 

9 

527501 

117 

8190 

608791 

8250 

511888 

3310 

519828 

8870 

527630 

1 

603927 

14 

1 

512017 

13 

1 

619969 

18 

1 

527759 

18 

2 

604068 

27 

2 

512160 

27 

2 

620090 

26 

2 

527888 

26 

8 

604199 

41 

8 

612284 

40 

8 

520221 

39 

8 

528016 

88 

4 

604886 

54 

4 

612417 

53 

4 

520352 

62 

4 

628146 

51 

6 

604471 

68 

5 

512651 

67 

5 

620488 

66 

5 

628274 

64 

6 

604607 

82 

6 

612684 

80 

6 

520614 

79 

6 

628402 

77 

7 

604748 

96 

7 

612818 

98 

7 

620746 

92 

7 

528581 

90 

8 

604878 

109 

8 

612951 

107 

8 

520876 

105 

8 

628660 

103 

9 

606014 

122 

9 

513084 

120 

9 

521007 

118 

9 

5287^ 

116 

8200 

606160 

8260 

518218 

3320 

521188 

3880 

528917 

1 

606286 

14 

1 

518851 

18 

1 

621269 

13 

1 

629045 

13 

2 

605421 

27 

2 

618484 

27 

2 

621400 

26 

2 

529174 

26 

8 

606667 

41 

8 

618617 

40 

8 

521630 

89 

8 

529802 

88 

4 

605692 

54 

4 

618760 

68 

4 

621661 

62 

4 

529480 

51 

5 

606828 

68 

5 

513888 

66 

5 

521792 

66 

5 

529559 

64 

6 

606968 

82 

6 

614016 

80 

6 

621922 

78 

6 

629687 

77 

7 

606099 

96 

7 

614149 

93 

7 

622063 

97 

7 

529815 

90 

a 

606284 

109 

8 

514282 

106 

8 

622188 

104 

8 

529943 

103 

9 

606870 

122 

9 

614416 

120 

9 

622814 

117 

^ 

580072 

116 

8210 

506606 

8270 

614548 

8380 

622444 

8390 

530200 

1 

506640 

13 

1 

514680 

18 

1 

522576 

18 

1 

530328 

18  i 

2 

606776 

27 

2 

614813 

27 

2 

622705 

26 

2 

580456 

26 

8 

606911 

40 

8 

514946 

40 

8 

522835 

89 

8 

5305&4 

38 

4 

607046 

54 

4 

616079 

58 

4 

522966 

52 

4 

530712 

51 

6 

607181 

67 

5 

615211 

66 

5 

623096 

65 

6 

530840 

64 

6 

607816 

81 

6 

616344 

80 

6 

623226 

78 

6 

530968 

n 

7 

607461 

94 

7 

616476 

93 

7 

628356 

97 

7 

631095 

901 

8 

507686 

108 

8 

615609 

106 

8 

523486 

104 

8 

63122S  1021 

9 

607721 

121 

» 

516741 

120 

9 

628616 

117 

9 

531351  1151 

• 
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Mo. 

i^f. 

fS; 

No. 

L<»f. 

^: 

No. 

8520 

Log. 

52- 

Ho. 

L<*. 

SS 

8400 

681479 

8460 

639076 

640648 

8580 

663888 

1 

631607 

13 

1 

639202 

18 

1 

546666 

12 

1 

564004 

12 

2 

681734 

25 

2 

539327 

25 

2 

546789 

25 

2 

554126 

24 

8 

631862 

88 

8 

639452 

88 

3 

646913 

87 

8 

554247 

36 

4 

631990 

61 

4 

639578 

50 

4 

647036 

49 

4 

654368 

49 

5 

632117 

68 

6 

589703 

63 

6 

647159 

62 

6 

564489 

61 

6 

682246 

76 

6 

639829 

76 

6 

647282 

74 

6 

564610 

78 

7 

632872 

89 

7 

639954 

88 

7 

647405 

86 

7 

664731 

86 

8 

632600 

102 

8 

640079 

100 

8 

647629 

99 

8 

664852 

97 

9 

632627 

114 

9 

540204 

113 

9 

547652 

111 

9 

654973 

109 

8410 

682754 

3470 

640829 

8630 

547776 

3590 

666094 

1 

632882 

13 

1 

640466 

12 

1 

647898 

12 

1 

666216 

12 

2 

638009 

25 

2 

640580 

25 

2 

648021 

26 

2 

656336 

24 

8 

583186 

38 

3 

640705 

37 

8 

648144 

87 

8 

656467 

86 

4 

633263 

51 

4 

640880 

60 

4 

648266 

49 

4 

655578 

48 

6 

633391 

68 

6 

640966 

62 

6 

648889 

61 

6 

566699 

60 

6 

633618 

76 

6 

641080 

76 

6 

648512 

74 

6 

666820 

72 

7 

638646 

89 

7 

541206 

87 

7 

648686 

86 

7 

566940 

84 

8 

633772 

102 

8 

541330 

100 

8 

648768 

98 

8 

566061 

96 

9 

688899 

114 

9 

541454 

112 

9 

648881 

111 

9 

566182 

108 

8420 

684026 

3480 

641679 

3640 

549008 

8600 

556802 

1 

634168 

18 

1 

541704 

12 

1 

649126 

12 

1 

666423 

12 

2 

684280 

26 

2 

641829 

26 

2 

649249 

26 

2 

666644 

24 

8 

634407 

88 

8 

641968 

87 

8 

549371 

37 

3 

656664 

36 

4 

534684 

61 

4 

642078 

60 

4 

649494 

49 

4 

666785 

48 

6 

534661 

68 

6 

642208 

62 

6 

649616 

61 

6 

566905 

60 

6 

634787 

76 

6 

542827 

75 

6 

649789 

74 

6 

657026 

72 

7 

684914 

89 

7 

642462 

87 

7 

649861 

86 

7 

667146 

84 

8 

636041 

102 

'  8 

642576 

100 

8 

649984 

98 

8 

567267 

96 

9 

636167 

114 

9 

642701 

112 

9- 

560106 

111 

9 

657887 

108 

8480 

635294 

8490 

542826 

8560 

660228 

8610 

667607 

1 

685421 

13 

1 

542950 

12 

1 

660861 

12 

1 

567627 

12 

2 

685547 

26 

2 

643074 

25 

2 

560478 

24 

2 

657748 

24 

8 

635674 

88 

8 

643199 

87 

8 

650596 

87 

8 

567868 

86 

4 

535800 

60 

4 

548823 

50 

4 

550717 

49 

4 

557988 

48 

6 

686927 

63 

6 

543447 

62 

6 

660840 

61 

6 

658108 

60 

6 

536058 

76 

6 

543571 

75 

6 

650962 

73 

6 

668228 

72 

7 

586179 

88 

7 

643696 

87 

7 

561084 

86 

7 

658848 

84 

8 

586306 

101 

8 

548820 

100 

8 

661206 

98 

8 

658469 

96 

9 

586432 

114 

9 

548944 

112 

9 

651828 

110 

9 

658689 

108 

8440 

536658 

8600 

544068 

8560 

661460 

8620 

668709 

1 

536686 

13 

1 

644192 

12 

1 

661672 

12 

1 

658829 

12 

2 

536811 

26 

2 

644816 

26 

2 

651694 

24 

2 

658948 

24 

8 

536987 

38 

8 

644440 

37 

8 

561816 

87 

8 

569068 

86 

4 

587063 

60 

4 

64i664 

60 

4 

661938 

49 

4 

559188 

48 

6 

537189 

63 

6 

544688 

62 

6 

662069 

61 

5 

659308 

60 

6 

637816 

76 

6 

644812 

74 

6 

662181 

78 

6 

559428 

72 

7 

687441 

88 

7 

544986 

87 

7 

562808 

86 

7 

659648 

84 

8 

537667 

101 

8 

545060 

99 

8 

652426 

98 

8 

559667 

96 

9 

587698 

114 

9 

646188 

112 

9 

662646 

110 

9 

559787 

108 

8450 

537819 

3610 

646807 

8570 

662668 

8680 

669907 

1 

587946 

18 

1 

646481 

12 

1 

662790 

12 

1 

660026 

12 

2 

588071 

25 

2 

645564 

26 

2 

662911 

24 

2 

660146 

24 

8 

588197 

88 

3 

646678 

87 

8 

568088 

86 

8 

660266 

86 

4 

638322 

60 

4 

646802 

49 

4 

668164 

49 

4 

660886 

48 

5 

638448 

68 

6 

646926 

62 

6 

668276 

61 

6 

660504 

60 

6 

588674 

76 

6 

646049 

74 

6 

668898 

73 

6 

660624 

72 

7 

538699 

88 

7 

646172 

86 

7 

668519 

851 

7 

660743 

84 

8 

638826 

101 

8 

546296 

99 

8 

668640 

97 

8 

660863 

96 

9 

688951 

114 

9 

646419 

111 

9 

668762 

109 

9 

660982 

108 

14 


IiOQAftrCHHS  OF  NUMBEB8. 


Ho. 

Lof. 

Prop. 
Plut. 

No. 

i^. 

Prop. 
Pint. 

No. 

1^ 

Prop. 
Part 

No. 

Log. 

p*«: 

8640 

501101 

3700 

^202 

3760 

676188 

8820 

582063 

1 

561221 

12 

1 

568819 

12 

1 

675803 

12 

1 

582177 

11 

2 

561840 

24 

2 

568436 

23 

2 

575419 

23 

2 

582291 

28' 

8 

561459 

86 

8 

568554 

85 

8 

576684 

35 

3 

682404   34 

4 

561578 

48 

4 

568671 

47 

4 

575650 

46 

4 

582518   45 

5 

561698 

60 

6 

668788 

56 

5 

575766 

58 

6  5826S1 

56 

6 

561817 

72 

6 

668905 

70 

6 

675880 

69 

6 

582745 

6S 

7 

561936 

84 

7 

569028 

82 

7 

675996 

80 

7 

582^58 

79 

8 

562055 

96 

8 

569140 

94 

8 

576111 

92 

8 

682972 

90 

9 

562174 

108 

9 

569257 

106 

9 

576220 

104 

9 

5830S5 .  102  ! 

8660 

562293 

8710 

569374 

3770 

576841 

3880 

583199 

1 

562412 

12 

1 

569491 

12 

1 

576457 

12 

1 

683812 

11 

2 

562531 

24 

2 

569608 

23 

2 

676572 

23 

2 

683426 

23 

8 

662660 

86 

3 

569725 

35 

8 

576687 

85 

8 

583539  1  S4 

4 

562768 

48 

4 

569842 

47 

4 

576802 

46 

4 

583652   45 

6 

662887 

60 

6 

569969 

58 

5 

576917 

58 

6 

583765   56 

6 

568006 

71 

6 

570076 

70 

6 

577032 

69 

6 

583879   68 

7 

563125 

83 

7 

570193 

82 

7 

577147 

80 

7 1 583992   79  1 

8 

508244 

05 

8 

670809 

94 

8 

577262 

92| 

8^ 

584105  1  90  1 

9 

568362 

107 

9 

570426 

106 

9 

677877 

104 

9 

584218 

102 

8660 

568481 

3720 

570648 

8780 

577492 

3840 

584331 

1 

568600 

12 

1 

570660 

12 

1 

577607 

11 

1 

584444 

11 

2 

568718 

24 

2 

670776 

23 

2 

577721 

23 

2 

5S4557 

23 

8 

563887 

86 

8 

570893 

85 

3 

577836 

34 

a 

584670 

84 

4 

568955 

48 

4 

571010 

47 

4 

677951 

46 

4 

684783   45  1 

6 

664074 

60 

5 

671126 

58 

6 !  678066 

57 

5 1 584896   66 

6 

564192 

71 

6 

571243 

70 

6 

678181 

68 

6  585009  VAy 

7 

5U4311 

83 

7 

571359 

81 

7 

578295 

80 

7  685122   79 

8 

564429 

95 

8 

671476 

93 

8 

578410 

91 

8 ! 585235   90 

9 

664648 

107 

9 

571592 

105 

9 

578526 

108 

9;  586348  102 

8670 

564666 

3730 

571709 

3790 

578639 

3850 .  58M61 

1 

564784 

12 

1 

671825 

12 

1 

578754 

11 

1 

585574   11 

2 

664903 

24 

2 

671942 

23 

2 

578868 

23 

2 

585686,  22 

8 

565021 

86 

8 

672058 

35 

8 

578983 

84 

8 

585799 

34 

4 

665189 

47 

4 

572174 

47 

4 

579097 

46 

4 

585912 

45! 

6 

566257 

69 

5 

672291 

68 

6 

579212 

57 

5 

586024 

56: 

6 

565376 

71 

6 

572407 

70 

6 

679326 

68 

6 

586187 

67 

7 

665494 

83 

7 

572523^ 

81 

7 

579441 

80 

7 

586250 

78 

8 

565612 

95 

8 

572639 

93 

8 

679655 

91 

8 

5863621  90 

9 

665730 

107 

9 

572756 

106 

9 

679669 

103 

9 

586475 ,  101 

8680 

565848 

3740 

672872 

3800 

679784 

3800 

586587 

1 

565966 

12 

1 

672988 

12 

1 

579898 

11 

1 

586700 

11 

2 

566084 

24 

2 

573104 

28 

2 

680012 

23 

2 

586812 

22 

8 

566202 

85 

8 

573220 

85 

8 

680126 

34 

8 

586925 i  U 

4 

666320 

47 

4 

573836 

46 

4 

580240 

46 

4 

587087,  45 

6 

566437 

59 

5 

673462 

58 

5 

680355 

57 

5 

587149 

56 

6 

566556 

71 

6 

573568 

70 

6 

680469 

68 

6 

587262 

67 

7 

566678 

88 

7 

678684 

81 

7 

580583 

80 

7 

587374 

78 

8 

566791 

94 

8 

673800 

93 

8 

680697 

91 

8 

587486 

90 

9 

566909 

106 

9 

573916 

104 

9 

580811 

108 

9 

587599 

101 

8690 

567026 

8750 

574031 

3810 

580926 

3870 

587711 

1 

667144 

12 

1 

674147 

12 

1 

581089 

11 

1 

58782.3 

11 

2 

567262 

24 

2 

574263 

23 

2 

581153 

28 

2 

587935   22 1 

8 

667379 

36 

8 

674379 

86 

8 

581267 

34 

8 

588047 

34 

4 

667497 

47 

4 

574494 

46 

4 

581881 

46 

4 

588160 

45 

6 

667614 

69 

5 

574610 

68 

5 

581495 

57 

5 

588272 

56 

6 

567782 

71 

6 

674726 

70 

6 

581608 

68 

6 

588384 

67 

7 

567849 

88 

7 

674841 

81 

7 

581722 

80 

7 

588496 

78  1 

8 

667967 

94 

8 1 574967 

98 

8 

581836 

91 

8 

588608,  90 

•  9 

568084 

106 

9  1  575072 

104 

9 

581950 

103 

9 

5887201  101 

LOflAKITHIIB  OS  NUMBIBS. 
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H«. 

i-g. 

ftop. 
Part. 

N*. 

'  Log. 

Jrop. 
P*rb 

No. 

1 

Let. 

ftop. 
Put. 

No. 

i^f. 

JK- 

S8S0 

688882 

8940 

595496 

4000 

602060 

4060 

608626 

1 

588944 

11 

1 

596606 

11 

1 

602169 

11 

1 

608683 

11 

2 

689066 

22 

2 

695717 

22 

2 

602277 

22 

2 

608740 

21 

8 

589167 

88 

8 

595827 

88 

8 

602886 

88 

8 

608847 

82 

4 

589279 

44 

4 

596987 

44 

4 

602494 

43 

4 

608964 

48 

6 

589391 

56 

6 

596047 

56 

5 

602608 

64 

6 

609061 

58 

6 

689503 

67 

6 

596167 

66 

6 

602711 

66 

6 

609167 

64 

7 

589616 

78 

7 

596267 

77 

7 

602819 

76 

7 

609274 

76 

8 

689726 

89 

8 

596377 

88 

8 

602928 

87. 

8 

609381 

86 

9 

589838 

100 

9 

696487 

99 

9 

608086 

98 

9 

609488 

96 

8890 

589950 

8950 

596597 

4010 

608144 

4070 

609594 

1 

690061 

11 

1 

596707 

11 

1 

608268 

11 

1 

609701 

11 

2 

590173 

22 

2 

596817 

22 

2 

608861 

22 

2 

609808 

21 

8 

590284 

88 

8 

696927 

88 

8 

608469 

38 

8 

609914 

82 

4 

590896 

44 

4 

597087 

44 

4 

608677 

48 

4 

610021 

48 

6 

590507 

66 

6 

597146 

65 

6 

608686 

64 

6 

610128 

68 

6 

690619 

67 

6 

597256 

66 

6 

608794 

66 

6 

610234 

64 

7 

690780 

78 

7 

697866 

77 

7 

608902 

76 

7 

610841 

76 

8 

590842 

89 

8 

597476 

88 

8 

604010 

87 

8 

610447 

86 

9 

590963 

100 

9 

697686 

99 

9 

604118 

98 

9 

610654 

96 

8900 

691065 

8960 

697696 

4020 

604226 

4080 

610660 

1 

691176 

11 

1 

697805 

11 

1 

604884 

11 

1 

610767 

11 

2 

691287 

22 

2 

697914 

22 

2 

604442 

22 

2 

610878 

21 

8 

591399 

88 

8 

51^8024 

88 

8 

604560 

82 

8 

610979 

82 

4 

591510 

44 

4 

698184 

44 

4 

604658 

43 

4 

611086 

42 

6 

691621 

56 

6 

698243 

56 

6 

604766 

64 

6 

611192 

68 

6 

591732 

67 

6 

598868 

66 

6 

604874 

65 

6 

611298 

64 

7 

691843 

78 

7 

598462 

77 

7 

604982 

76 

611405 

74 

8 

591956 

89 

8 

698572 

88 

8 

605089 

86 

g 

611511 

86 

9 

692066 

IQO 

9 

698681 

99 

9 

605197 

97 

9 

611617 

96 

8910 

692177 

8970 

598790 

4030 

606805 

4090 

611728 

1 

592288 

11 

1 

698900 

11 

1 

606418 

11 

1 

611829 

11 

2 

592899 

22 

2 

699009 

22 

2 

605521 

22 

2 

611986 

21 

8 

592610 

83 

8 

699119 

83 

8 

605628 

82 

8 

612042 

82 

4 

592621 

44 

4 

599228 

44 

4 

606786 

48 

.  4 

612148 

42 

6 

692782 

66 

6 

699837 

66 

6 

605844 

64 

6 

612264 

68 

6 

592848 

67 

6 

6V^46 

66 

6 

605961 

66 

6 

612860 

64 

7 

592964 

78 

7 

699656 

77 

7 

606059 

76 

7 

612466 

74 

8 

693064 

89 

8 

699665 

88 

8 

606166 

86 

8 

612672 

86 

9 

698175 

100 

9 

599774 

99 

9 

606274 

97 

9 

612678 

96 

3920 

698286 

3980 

599883 

4040 

606881 

4100 

612784 

1 

598897 

11 

1 

699992 

11 

1 

606489 

11 

1 

612890 

11 

2 

698608 

22 

2 

600101 

22 

2 

606596 

21 

2 

612996 

21 

8 

598618 

83 

8 

600210 

83 

8 

606704 

82 

8 

618101 

82 

4 

598729 

44 

4 

600319 

44 

4 

606811 

48 

4 

618207 

42 

5 

598840 

65 

5 

600428 

54 

6 

606919 

64 

6 

618818 

68 

6 

698950 

66 

6 

600587 

65 

6 

607026 

64 

6 

618419 

64 

7 

694061 

77 

7 

600646 

76 

7 

607188 

76 

7 

618625 

74 

8 

694171 

88 

8 

600756 

87 

8 

607241 

86 

8 

613680 

85 

9 

594282 

99 

9 

600864 

95 

9 

607848 

96 

9 

618786 

95 

8980 

694398 

8990 

600978 

4060 

607466 

4110 

618842 

1 

694508 

11 

1 

601082 

11 

1 

607662 

11 

1 

618947 

11 

2 

694618 

22 

2 

601190 

22 

2 

607669 

21 

2 

614058 

21 

8 

694724 

88 

8 

601299 

88 

8 

607777 

82 

8 

614169 

82 

4 

694884 

44 

4 

601408 

44 

4 

607884 

48 

4 

614264 

42 

6 

694945 

65 

6 

601617 

64 

6 

607991 

64 

5 

614870 

68 

6 

695066 

66 

6 

601625 

65 

6 

608098 

64 

6 

614475 

68 

7 

696165 

77 

7 

601734 

76 

7 

608205 

76 

7 

614581 

74 

8 

696276 

88 

8 

601843 

87 

8 

608812 

86 

8 

614686 

84 

9 

696886 

99 

9 

601961 

98 

9 

608419 

96 

9 

614792 

96 

16 


lAaARITHlIS  or  NUMBSB8. 


N*. 

i-g. 

Fro^ 
Fkrt. 

No. 

i^ 

?K 

Ho. 

Lo.. 

ga 

Ho. 

i^ 

Kt 

4120 

614897 

4180 

621176 

4240 

627866 

4800 

683468 

1 

616008 

11 

1 

621280 

10 

1 

627468 

10 

1 

688669 

10 

2 

615108 

21  1 

2 

621884 

21  1 

2 

627671 

20 

2 

6886701  30  | 

8 

616218 

81 

8 

621488 

81 

8 

627678 

31 

8 

688771 

30 

4 

616819 

42 

4 

621692 

42 

4 

627776 

41 

4 

688872 

40 

6 

616424 

62 

6 

621696 

62 

6 

627878 

61 

6 

683973 

50 

6 

616629 

68 

6 

621799 

62 

6 

627980 

61 

6 

684074 

61 

7 

616634 

78 

7 

621908 

78 

7 

628082 

72 

7 

684176 

71 

8 

616740 

84 

8 

622007 

88 

8 

628184 

82 

8 

684276 

81 

9 

615846 

96 

9 

622110 

94 

9 

628287 

92 

9 

684376 

91 

4180 

616950 

4190 

622214 

4260 

628889 

4310 

684477 

1 

616056 

11 

1 

622818 

10 

1 

628401 

10 

1 

684578 '  10  1 

2 

616160 

21 

2 

622421 

21 

2 

628698 

20 

2 

684679 

20  ' 

8 

616266 

81 

8 

622626 

81 

8 

628695 

81 

8 

684779 

80 

4 

616370 

42 

4 

622628 

41 

4 

628797 

41 

4 

684880 

40 

5 

616476 

62 

6 

622782 

62 

6 

628900 

61 

6 

684981 

50 

6 

616680 

68 

6 

622836 

62 

6 

629002 

61 

6 

686081 

61 

7 

616686 

78 

7 

622939 

72 

7 

629104 

72 

7 

685182 

71 

8 

616790 

84 

8 

623042 

88 

8 

629206 

82 

8 

636283 

81 

9 

616896 

96 

9 

623146 

98 

9 

629808 

92 

9 

635883 

91  1 

4140 

617000 

4200 

628249 

4260 

629410 

4820 

635484 

1 

617105 

10 

1 

628868 

10 

1 

629611 

10 

1 

635584 

10 

2 

617210 

21 

2 

623466 

21 

2 

629618 

20 

2 

636685  20 

8 

617816 

81 

8 

623669 

81 

8 

629716 

80 

8 

636785  30 

4 

617420 

42 

4 

623668 

41 

4 

629817 

41 

4 

635886.  40 

6 

617524 

52 

6 

623706 

62 

6 

629919 

61 

6 

635986  50  ' 

6 

617629 

68 

6 

623869 

62 

6 

680021 

61 

6 

636086 

60  . 

7 

617784 

78 

7 

623972 

72 

7 

680123 

71 

7 

636187 

70  1 

8 

617889 

84 

8 

624076 

88 

8 

680224 

81 

8 

636287 

80 

9 

617948 

94 

9 

624179 

93 

9 

680326 

91 

9 

686388 

90 

4160 

618048 

4210 

624282 

4270 

680428 

4380 !  686488 

1 

618168 

10 

1 

624386 

10 

1 

680680 

10 

1  1636588 

10 

2 

618267 

21 

2 

624488 

21 

2 

680681 

20 

2; 686688 

20 

8 

618862 

81 

8 

624591 

81 

8 

680738 

80 

8 '686789;  80  | 

4 

618466 

42 

4 

624694 

41 

4 

680834 

41 

4 

686889 

40 

5 

618571 

62 

6 

624798 

61 

6 

680986 

61 

5 

686989 

50 

6 

618676 

62 

6 

624901 

62 

6 

631088 

61 

6 

687080 

60 

7 

618780 

78 

7 

626004 

72 

7 

631189 

71 

7 

687189 

70 

8 

618884 

88 

8 

626107 

82 

8 

681241 

81 

8 

687289 

80 

9 

618989 

94 

9 

626209 

98 

9 

681842 

91 

9 

637390 

90 

4160 

619098 

4220 

626812 

4280 

681444 

4840 

687490 

1 

619198 

10 

1 

626415 

10 

1 

681646 

10 

1 

687590 

10 

2 

619802 

21 

2 

626618 

21 

2 

681647 

20 

2 

687690:  20  | 

8 

619406 

81 

8 

625621 

81 

8 

631748 

80 

8 

687790 

30 

4 

619511 

42 

4 

625724 

41 

4 

631849 

41 

4 

637890 

40 

6 

619616 

62 

5 

625827 

51 

6 

631961 

61 

6 

687990 

50 

6 

619719 

62 

6 

625929 

62 

6 

682062 

61 

6 

688090 

60 

7 

619828 

78 

7 

626082 

72 

7 

682168 

71 

7 

688190 

70 

8 

619928 

88 

8 

626186 

82 

8 

632266 

81 

8 

638289 

80 

9 

620082 

94 

9 

626288 

98 

9 

682866 

91 

9 

638889 

90 

4170 

620186 

4280 

626840 

4290 

682467 

4860 

638489 

1 

620240 

10 

1 

626448 

10 

1 

632668 

10 

1 

638689 

10 

2 

620844 

21 

2 

626546 

21 

2 

682660 

20 

2 

638689 

20 

8 

620448 

81 

8 

626648 

81 

8 

682761 

80 

8 

638789 

30 

4 

620662 

42 

4 

626761 

41 

4 

632862 

41 

4 

638888 

40 

5 

620666 

62 

6 

626868 

61 

6 

632968 

61 

6 

688988 

50 

6 

620760 

62 

6 

626966 

62 

6 

688064 

61 

6 

639088 

60 

7 

620864 

78 

7 

627058 

72 

7 

683165 

71 

7 

639188 

70 

8 

620968 

88 

8 

627161 

82 

8 

683266 

81 

8 

639287 

80 

9 

621072 

94 

1   « 

627268 

98 

9 

688867 

91 

9 

639887 

90 

LOaAKITHKS  Of  HUUBKBfl. 
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K<». 

La«. 

Prop. 
Part. 

Ho. 

I-..  Ifa: 

No. 

i^. 

^^ 

No. 

Lof. 

?s- 

4860 

639486 

4420 

645422 

4480 

651278 

4540 

657056 

1 

689586 

10 

1 

645520 

10 

1 

651875 

10 

1 

667151 

10 

2 

689686 

20 

2 

645619 

20 

2 

651472 

19 

2 

657247 

19 

8 

689786 

80 

8 

645717 

80 

8 

651569 

29 

8 

667848 

•28 

4 

689885 

40 

4 

645815 

89 

4 

651666 

88 

4 

667488 

88 

6 

639984 

50 

5 

645913 

49 

6 

651762 

48 

5 

657584 

47 

6 

640084 

60 

6 

646011 

59 

6 

651859 

58 

6 

657629 

57 

7 

640188 

70 

7 

646109 

69 

7 

651956 

67 

7 

657725 

67 

8 

640288 

80 

8 

646208 

79 

8 

652058 

77 

8 

667820 

76 

9 

640382 

90 

9 

646806 

89 

9 

652150 

87 

9 

657916 

86 

4370 

640481 

448a 

646404 

4490 

652246 

4550 

668011 

1 

940581 

10 

1 

646502 

10 

1 

652343 

10 

1 

668107 

10 

2 

640680 

20 

2 

646600 

20 

2 

652440 

19 

2 

658202 

19 

8 

640779 

80 

8 

646698 

29 

8 

652586 

29 

8 

658298 

28 

4 

640879 

40 

4 

646796 

89 

4 

652633 

88 

4 

658898 

88 

6 

64097^ 

50 

5 

646894 

49 

6 

652730 

48 

5 

658488 

47 

6 

641077 

60 

6 

646991 

59 

6 

652826 

58 

6 

668684 

57 

7 

641176 

70 

7 

647089 

69 

7 

652923 

67 

7 

658679 

67 

8 

641276 

80 

8 

647187 

78 

8 

653019 

77 

8 

658774 

76 

9 

641875 

90 

9 

647285 

88 

9 

658116 

87 

9 

668870 

86 

4880 

641474 

4440 

647888 

4500 

658213 

4560 

658965 

1 

641578 

10 

1 

647481 

10 

1 

658809 

10 

1 

659060 

10 

2 

641672 

20 

2 

647579 

20 

2 

658405 

19 

2 

659165 

19 

8 

641771 

80 

8 

647676 

29 

8 

658502 

29 

8 

659250 

28 

4 

641870 

40 

4 

647774 

39 

4 

653698 

88 

4 

659846 

38 

6 

641970 

50 

5 

647872 

49 

6  658695 

48 

5 

659441 

47 

6 

642069 

59 

6 

647969 

59 

6 

658791 

58 

6 

659586 

67 

7 

642168 

69 

7 

648067 

69 

7 

658888 

67 

7 

659631 

67 

8 

642267 

79 

8 

648165 

78 

8 

658984 

77 

8 

659726 

76 

9 

642866 

89 

9 

648262 

88 

9 

654080 

87 

9 

659821 

86 

4390 

642464 

4450 

648860 

4510 

654176 

4570 

659916 

1 

642568 

10 

1 

648458 

10 

1 

654273 

10 

1 

660011 

10 

2 

642662 

20 

2 

648555 

19 

2 

654369 

19 

2 

660106 

19 

8 

642761 

80 

8 

648653 

29 

8 

654465 

29 

d 

660201 

28 

4 

642860 

40 

4 

648750 

89 

4 

654562 

88 

4 

660296 

88 

6 

642959 

49 

5 

648848 

49 

5 

654558 

48 

5 

660891 

47 

6 

648058 

59 

6 

648945 

58 

6 

664754 

58 

6 

660486 

57 

7 

648156 

69 

7 

649048 

68 

7 

654850 

67 

7 

660581 

67 

8 

648255 

79 

8 

649140 

78 

8 

654946 

77 

8 

660676 

76 

9 

648354 

89 

9 

649287 

88 

9 

655042 

86 

9 

660771 

86 

4400 

648458 

4460 

649885 

4520 

655188 

4580 

660865 

1 

648551 

10 

1 

649432 

10 

1 

655234 

10 

1 

660960 

9 

2 

648650 

20 

2 

649580 

19 

2 

655331 

19 

2 

661055 

19 

8 

648749 

80 

8 

649627 

29 

8 

655427 

29 

8 

661160 

28 

4 

648847 

89 

4 

649724 

89 

4 

655528 

38 

4 

661245 

88 

6 

648946 

49 

5 

649821 

49 

5 

655619 

48 

5 

661889 

47 

6 

644044 

59 

6 

649919 

58 

6 

656714 

58 

6 

661484 

57 

7 

644148 

69 

7 

650016 

68 

7 

656810 

67 

7 

661529 

66 

8 

644242 

79 

8 

650113 

78 

8 

656906 

77 

8 

661623 

76 

9 

644840 

89 

9 

650210 

88 

0 

666002 

.86 

9 

661718 

86 

4410 

644489 

4470 

650807 

4580 

656098 

4590 

661818 

1 

644537 

10 

I 

650405 

10 

1 

656194 

10 

1 

661907 

9 

2 

644635 

20 

2 

650502 

19 

2 

656290 

19 

2 

662002 

19 

8 

644784 

80 

8 

650599 

29 

8 

656386 

29 

8 

662096 

28 

4 

644882 

89 

4 

650696 

39 

4 

656481 

88 

4 

662191 

88 

6 

644981 

49 

5 

650793 

49 

6 

656577 

48 

6 

662285 

47 

6 

645029 

59 

6 

650890 

58 

6 

656678 

58 

6 

662880 

57 

7 

645127 

60 

7 

650987 

68 

7 

656769 

67 

7 

662474 

66 

8 

645226 

79 

8 

651084 

78 

8 

656864 

77 

8 

662569 

76 

9 

645824 

80 

9 

651181 

88 

9 

656960 

86 

9 

662663 

85 

18 


liOCIAaiTHMg  OV  NUHBIB8. 


No. 

Lofr 

Prop. 
P«rc 

No. 

Lot. 

Prop. 
Part. 

No. 

i^ 

5E 

No. 

i-t. 

Kt 

4600 

662758 

4660 

668380 

4720 

678942 

4780 

679428 

1 

66286V: 

9 

1 

668479 

9 

1 

674034 

»9 

1 

679619 

9 

2 

662947 

19 

2 

668672 

19 

2 

674126 

18 

2 

679610 

18 

8 

668041 

28 

8 

668666 

28 

8 

674218 

28 

8 

679700 

27 

4 

668186 

88 

4 

668768 

87 

4 

674810 

87 

4 

679791 

36 

5 

6G8280 

47 

6 

668862 

47 

6 

674402 

46 

5 

679882 

45 

6 

668824 

67 

6 

668946 

56 

6 

674494 

55 

6 

679973 

55 

7 

663418 

66 

7 

669088 

65 

7 

674686 

64 

7 

680063 

64 

8 

668512 

76 

8 

669131 

74 

8 

674677 

74 

8 

6:80154 

73 

9 

668607 

86 

9 

669224 

84 

9 

674769 

88 

9 

680245 

82 

4610 

668701 

4670 

669817 

4780 

674861 

4790 

680335 

1 

663796 

9 

1 

669410 

9 

1 

674968 

9 

1 

680426 

9 

2 

668889 

19 

2 

669608 

19 

2 

675046 

18 

2 

680517 

18 

8 

663983 

28 

8 

669596 

28 

8 

676186 

28 

8 

680607 

27 

4 

664078 

88 

4 

669689 

87 

4 

675228 

87 

4 

680698 

36 

6 

664172 

47 

6 

669782 

47 

6 

675820 

46 

5 

680789 

45 

6 

664266 

66 

6 

669876 

56 

6 

676412 

56 

6 

680879 

55 

7 

664360 

66 

7 

669967 

66 

7 

676608 

64 

7 

680970 

64 

8 

664464 

76 

8 

670060 

74 

8 

676595 

74 

8 

681060 

73 

9 

664648 

86 

9 

670168 

84 

9 

676687 

88 

9 

681151 ,  82  1 

4620 

664642 

4680 

670246 

4740 

675778 

4800 

681241 

1 

664786 

9 

1 

670389 

9 

1 

675870 

9 

1 

681S32 

9 

2 

664880 

19 

2 

670481 

18 

2 

675962 

18 

2 

681422 

18 

8 

664924 

28 

8 

670524 

28 

8 

676058 

27 

8 

681513 

27 

4 

666018 

88 

4 

670617 

37 

4 

676146 

86 

4 

681603 

36 

6 

666112 

47 

5 

670710 

46 

6 

676286 

46 

5 

681693 

45 

6 

666206 

66 

6 

670802 

55 

6 

676328 

65 

6 

681784 

54 

7 

666299 

66 

7 

670896 

64 

7 

676419 

64 

7 

681874 

63 

8 

665893 

76 

8 

670988 

74 

8 

676611 

78 

8 

681964 

72 

9 

665487 

86 

0 

671080 

88 

9 

676602 

82 

9 

682055 

81 

4680 

666681 

4690 

671178 

4750 

676694 

4810 

682145 

1 

665676 

9 

1 

671265 

9 

1 

676786 

9 

1 

682285 

9 

2 

666769 

19 

2 

671368 

18 

2 

676876 

18 

2 

682326 

18 

8 

666862 

28 

8 

671451 

28 

8 

676968 

27 

8 

682416 

27 

4 

665966 

88 

4 

671548 

87 

4 

677069 

86 

4 

682506 

36 

6 

666060 

47 

5 

671686 

46 

5 

677161 

46 

5 

682596 

45 

6 

666143 

56 

6 

671728 

55 

6 

677242 

66 

6 

682686 

64 

7 

666237 

66 

7 

671821 

64 

7 

677388 

64 

7 

682777 

63 

8 

666881 

76 

8 

671918 

74 

8 

677424 

78 

8 

682867 

72 

9 

666424 

86 

9 

672006 

83 

9 

677616 

82 

9 

682967 

81 

4640 

666618 

4700 

672098 

4760 

677607 

4820 

683047 

1 

666612 

9 

1 

672190 

9 

1 

677698 

9 

1 

683187 

9 

2 

666706 

19 

2 

672288 

18 

2 

677789 

18 

2 

683227 

18 

8 

666799 

28 

8 

672375 

28 

8 

677881 

27 

8 

683317 

27 

4 

666892 

87 

4 

672467 

87 

4 

677972 

86 

4 

683407 

36 

6 

666986 

47 

5 

672560 

46 

6 

678068 

45 

6 

683497 

45 

6 

667079 

66 

6 

672652 

55 

6 

678164 

65 

6 

083587 

64 

7 

667178 

65 

7 

672744 

64 

7 

678245 

64 

7 

683677 

68 

8 

667266 

74 

8 

672886 

74 

8 

678886 

78 

8 

683767 

72 

9 

6G7859 

84 

9 

672929 

88 

9 

678427 

82 

9 

683857 

81 

4660 

667468 

4710 

678021 

4770 

678518 

4830 

683947 

1 

667646 

9 

1 

673118 

9 

1 

678609 

9 

1 

684037 

9 

2 

667640 

19 

2 

673206 

18 

2 

678700 

18 

2 

684127 

18 

8 

667788 

28 

8 

678297 

28 

8 

678791 

27 

8 

684217 

27 

4 

667826 

87 

4 

678390 

87 

4 

678882 

86 

4 

684307 

36 

6 

667920 

47 

6 

678482 

46 

6 

678978 

46 

5 

684396 

45 

6 

668018 

66 

6 

673674 

65 

6 

679064 

65 

6 

684486 

54 

7 

668106 

65 

7 

678666 

64 

7 

679155 

64 

7 

684576 

63 

8 

668199 

74 

8 

678758 

74 

8 

679246 

78 

8 

684666 

72 

9 

668298 

84 

» 

078850 

88 

9 

679387 

82 

9 

684756 

81 

i/xuxanuB  or  nuubkbs. 
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w 

Lo» 

ftop. 

fttfl. 

No. 

liog. 

Vwn. 

N*. 

Lof- 

Prop. 

No. 

l*f. 

SSt 

4840 

684845 

4900 

690196 

4960 

695482 

5020 

700704 

1 

684936 

9 

1 

690285 

9 

1 

695569 

9 

1 

700790 

9 

2 

685026 

18 

2 

690378 

18 

2 

695657 

17 

2 

700877 

17 

8 

685114 

27 

8 

690462 

27 

8 

695744 

26 

8 

700963 

26 

4 

685204 

36 

4 

690550 

85 

4 

695832 

86 

4 

701050 

85 

6 

685294 

45 

5 

690689 

44 

5 

695919 

44 

5 

701136 

48 

6 

685883 

64 

6 

690727 

58 

6 

696007 

52 

6 

701222 

52 

7 

685478 

63 

7 

690816 

62 

7 

696094 

61 

7 

701809 

61 

8 

685668 

72 

8 

690905 

71 

8 

696182 

70 

8 

701395 

70 

9 

685652 

81 

9 

690993 

80 

9 

696269 

79 

0 

701482 

78 

4850 

685742 

4910 

691081 

4970 

696356 

5030 

701568 

1 

685831 

9 

1 

691170 

9 

1 

696444 

9 

1 

701664 

9 

2 

685921 

18 

2 

691258 

18 

2 

606531 

17 

2 

701741 

17 

8 

686010 

27 

8 

691347 

27 

8 

696618 

26 

8 

701827 

26 

4 

686100 

36 

4 

691485 

86 

4 

696706 

35 

4 

701918 

85 

6 

686189 

45 

5 

691524 

44 

5 

696793 

44 

5 

701999 

48 

6 

686279 

54 

6 

691612 

53 

6 

696880 

52 

6 

702086 

52 

7 

686868 

63 

7 

691700 

62 

7 

696968 

61 

7 

702172 

61 

8 

686467 

72 

8 

691789 

71 

8 

697055 

70 

8 

702258 

70 

9 

686547 

81 

9 

691877 

80 

9 

697142 

79 

9 

702844 

78 

4860 

686686 

4920 

691966 

4980 

697229 

5040 

702430 

1 

686726 

9 

1 

692058 

9 

1 

697317 

9 

1 

702517 

9 

2 

686815 

18 

2 

692142 

18 

2 

607404 

17 

2 

702608 

17 

8 

686904 

27 

8 

692280 

27 

3 

697491 

26 

8 

702689 

26 

4 

686994 

86 

4 

692318 

85 

4 

697578 

85 

4 

702775 

34 

6 

687083 

45 

5 

692406 

44 

5 

697665 

44 

5 

702861 

48 

6 

687172 

54 

6 

692494 

63 

6 

697752 

52 

6 

702947 

52 

7 

687261 

63 

7 

692588 

62 

7 

697839 

61 

7 

708088 

60 

8 

687851 

72 

8 

692671 

71 

8 

697926 

70 

8 

703119 

69 

9 

687440 

81 

9 

692759 

80 

9 

698018 

79 

9 

703205 

77 

4870 

687529 

4930 

692847 

4990 

698100 

5050 

708291 

1 

687618 

9 

1 

692936 

9 

1 

698188 

9 

1 

708877 

9 

2 

687707 

18 

2 

698028 

18 

2 

698275 

17 

2 

708468 

17 

8 

687796 

27 

8 

698111 

26 

8 

698862 

26 

8 

708549 

26 

4 

687886 

36 

4 

693199 

35 

4 

698448 

85 

4 

708685 

84 

6 

687975 

4o 

5 

693287 

44 

5 

698585 

44 

5 

708721 

48 

6 

688064 

54 

6 

693376 

53 

6 

698622 

52 

6 

703807 

52 

7 

688158 

62 

7 

698463 

62 

7 

698709 

61 

7 

708893 

60 

8 

688242 

72 

8 

698651 

70 

8 

698796 

70 

8 

708979 

69 

9 

688881 

80 

9 

698639 

79 

9 

698888 

79 

9 

704065 

77 

4880 

688420 

4940 

698727 

6000 

698970 

5060 

704150 

1 

688509 

9 

1 

698815 

9 

1 

699057 

9 

1 

704236 

9 

2 

688598 

18 

2 

698903 

18 

2 

699144 

17 

2 

704322 

17 

8 

688687 

27 

8 

698991 

26 

8 

699231 

26 

8 

704408 

26 

4 

688776 

36 

4 

694078 

36 

4 

699317 

35 

4 

704494 

84 

6 

688865 

45 

5 

694166 

44 

5 

699404 

43 

6 

704579 

48 

6 

688U58 

54 

6 

694254 

63 

0 

699491 

52 

6 

704665 

62 

7 

689042 

62 

7 

694842 

62 

7 

699578 

61 

7 

704751 

60 

8 

689131 

72 

8 

694430 

70 

8 

699664 

70 

8 

704837 

69 

9 

689220 

80 

9 

694517 

79 

9 

699751 

78 

9 

704922 

77 

4890 

689309 

4960 

694606 

5010 

699838 

5070 

705008 

1 

689898 

9 

1 

694698 

9 

1 

699924 

9 

1 

705094 

9 

2 

689486 

18 

2 

694781 

18 

2 

700011 

17 

2 

705179 

17 

8 

689575 

27 

8 

694868 

26 

8 

700098 

26 

3 

706266 

26 

4 

689664 

86 

4 

694956 

36 

4 

700184 

85 

4 

705850 

84 

6 

689753 

45 

5 

695044 

44 

5 

700271 

43 

5 

705436 

43 

6 

689841 

54 

6 

695131 

53 

6 

700358 

62 

6 

705522 

62 

7 

689930 

62 

7 

695219 

62 

7 

700444 

61 

7 

705607 

60 

8 

690019 

72 

8 

695307 

70 

8 

700631 

70 

8 

705693 

69 

9 

690107 

80 

9 

695394 

79 

9 

700617 

78 

9 

706778 

77 

88 
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IiOQABTTHHS  07  RUMBBBS. 


Ho. 

i-» 

521- 

No. 

Us. 

Fkrt. 

Ko. 

Log. 

IK- 

Ho. 

ut. 

?» 

5080 

705864 

t 

6140 

710968 

5200 

716003 

6260 

720986 

1 

706949 

9' 

1 

711048 

8  ' 

1   1 

716087 

8 

1 

721068 

8 

2 

706035 

17  ' 

2 

711182 

17  j 

2 

716170 

17 

2 

721151 

16 

8 

706120 

26  , 

3 

711216 

25' 

8 

716254 

25 

8 

721283 

25 

4 

706206 

84 ; 

4 

711301 

84  i 

4 

716387 

84 

4 

721316 

8S 

6 

706291 

43  1 

5 

711386 

42  1 

5 

716421 

42 

6 

721898 

41 

6 

706376 

61 

6 

711470 

51  1 

6 

716604 

50 

6 

721481 

49 

7 

706462 

60 

7 

711554 

59 : 

7 

716588 

59 

7 

721563 

58 

8 

706647 

68 

8 

711638 

68 

8 

716671 

67 

8 

721646 

66 

9 

706632 

77  , 

9 

711723 

76 

9 

716754 

76 

9 

721728 

74 

5090 

706718 

5150 

711807 

5210 

716888 

6270 

721811 

1 

706803 

9 ; 

1 

711892 

8 

1 

716921 

8 

1- 

721893 

8 

2 

706888 

17  , 

2 

71T976 

17 

2 

717004 

17 

2 

721975 

16 

8 

706974 

26  1 

8 

712060 

25 

8 

717088 

25 

8 

722068 

25 

4 

707059 

34  1 

4 

712144 

84 

4 

717171 

38 

4 

722140 

83 

5 

707144 

43  ; 

6 

712229 

42 

5 

717254 

42 

5 

722222 

41 

6 

707229 

61  ' 

6 

712818 

51 

6 

717338 

50 

6 

722805 

49 

7 

707815 

60  ! 

7 

712397 

59 

7 

717421 

58 

7 

722887 

58 

8 

707400 

68 

8 

712481 

68, 

8 

717504 

66 

8 

722469 

66 

9 

707486 

77 

9 

712566 

76 

9 

-717587 

76 

9 

722562 

74 

5100 

707570 

5160 

712650 

1 

5220 

717671 

6280 

722684 

1 

707655 

9 

1 

712784 

»i 

1 

717754 

8 

1 

722716 

8 

2 

707740 

17 

2 

712818 

17 

2 

717837 

17 

2 

722798 

16 

8 

707826 

26 

8 

712902 

26 

8 

717920 

25 

8 

722881 

25 

4 

707911 

34 

4 

712986 

34 

4 

718003 

83 

4 

722963 

88 

5 

707996 

43  ; 

5 

718070 

42 

5 

718086 

42 

6 

728045 

41 

6 

708081 

51  , 

6 

718154 

60 

6 

718169 

50 

6 

7281271  49 

7 

708166 

60 

7 

713238 

69 

7 

718263 

58 

7 

723209'  58 

8 

708251 

68  1 

8 

718322 

67 

8 

718336 

66 

8 

723291!  66 

9 

708836 

77 

9 

713406 

76 

9 

718419 

75 

9 

723874 

74 

6110 

708421 

6170 

713490 

5280 

718502 

1 

5290 

728456 

1 

708506 

9 

1 

713574 

8 

1 

718585 

8 

1 

728588 

8 

2 

708591 

17 

2 

713658 

17 

2 

718668 

17 

2 

728620 

16 

8 

708676 

26 

8 

713742 

25 

8 

718751 

26 

8 

728702 

25 

4 

708761 

34 

4 

713826 

34 

4 

718884 

38 

4 

728784 

83 

5 

708846 

43 

5 

713910 

42 

5 

718917 

42 

6 

728886 

41 

6 

708931 

51 

6 

718994 

50 

Or 

719000 

60 

6 

72894S 

49 

7 

709015 

60 

7 

714078 

59 

7 

719088 

58 

7 

724080 

57 

8 

709100 

68 

8 

714162 

67 

8 

719166 

66 

8 

724112 

66 

9 

709185 

77 

9 

714246 

76 

9 

719248 

75 

9 

724194 

74 

5120 

709270 

5180 

714330 

5240 

719331 

5300 

724276 

1 

709856 

8 

1 

714414 

8 

1 

719414 

8 

1 

724858 

8 

2 

709440 

17 

2 

714497 

17 

2 

719497 

17 

2 

724440 

16 

8 

709524 

25 

8 

714581 

25 

8 

719580 

25 

8 

724522 

25 

4 

709609 

84 

4 

714665 

84 

4 

719663 

88 

4, 

724603 

83 

5 

709694 

42 

6 

714749 

42 

5 

719745 

41 

5 

724685 

41 

6 

709779 

51 

6 

714832 

50 

6 

719828 

50 

6 

724767 

49 

7 

709863 

59 

7 

714916 

69 

7 

719911 

68 

7 

724S49 

67 

8 

709948 

68 

8 

715000 

67 

8 

719994 

66 

8 

724981 

66 

9 

710033 

76 

9 

715084 

76 

9 

720077 

75 

9 

725018 

74 

5180 

710117 

5190 

716167 

6250 

720169 

6810 

725095 

1 

710202 

8 

1 

716251 

8 

1 

720242 

8 

1 

725176 

8 

2 

710287 

17 

2 

715336 

17 

2 

720326 

17 

2 

725258 

16 

8 

710371 

25 

8 

715418 

25 

8 

720407 

26 

8 

725840 

25 

4 

710456 

84 

4 

715502 

84 

4 

720490 

88 

4 

725422 

83 

5 

710540 

42 

6 

716586 

42 

5 

720673 

41 

6 

725503 

41 

6 i 710626 

51 

6 

715609 

50 

6 

720665 

60 

6 

725585 

49 

7  710710 

59 

7 

716763 

59 

7 

720738 

58 

7 

725667 

57 

8  710794 

67 

8 

715836 

67 

8 

720821 

66 

8 

725748 

66 

9  710879 

76 

9 

715920 

76 

0 

720908 

76 

9 

725880 

74 

LOGAaiTHMS  OF  KUUBSSS. 


21 


Vo. 

Log. 

f2t 

H- 

Log. 

^ 

Mo. 

Lof. 

5S- 

No. 

i-fr 

Prop, 
Pfcrt. 

5320 

725912 

5880 

780782 

5440 

735599 

5500 

740863 

1 

725998 

8 

1 

730863 

8 

1 

735679 

8 

1 

740442 

8 

2 

726075 

16 

2 

730944 

16 

2 

735759 

16 

2 

740521 

16 

8 

726156 

24 

8 

781024 

24 

8 

735838 

24 

8 

740699 

24 

4 

726288 

88 

4 

731105 

82 

4 

735918 

82 

4 

740678 

32 

6 

726820 

41 

5 

731186 

40 

5 

735998 

40 

6 

740767 

40 

6 

726401 

49 

6 

781266 

49 

6 

786078 

48 

6 

740836 

47 

7 

726488 

57 

7 

781347 

57 

7 

736157 

56 

7 

740915 

56 

8 

726564 

65 

8 

731428 

65 

8 

736237 

64 

8 

740994 

63 

9 

726646 

73 

9 

781508 

73 

9 

786817 

72 

9 

741073 

71 

6330 

726727 

5890 

731589 

5450 

786896 

5510 

741152 

1 

720809 

8 

1 

731609 

8 

1 

736476 

8 

1 

741280 

8 

2 

726890 

16 

2 

731750 

16 

2 

786556 

16 

2 

741309 

16 

3 

726972 

24 

8 

781830 

24 

8 

786685 

24 

8 

741388 

24 

4 

727053 

88 

4 

731911 

32 

4 

780715 

32 

4 

741467 

82 

5 

727134 

41 

6 

731991 

40 

5 

786795 

40 

6 

741546 

40 

6 

727216 

49 

6 

732072 

48 

6 

786874 

48 

6 

741624 

47 

7 

727297 

57 

7 

732162 

56 

7 

736954 

56 

7 

741703 

65 

8 

727879 

65 

8 

732238 

64 

8 

787034 

64 

8 

741782 

63 

9 

727460 

78 

9 

732318 

72 

9 

787113 

72 

9 

741860 

71 

5340 

727541 

5400 

732894 

5460 

787193 

5520 

741989 

1 

727628 

8 

1 

732474 

8 

1 

737272 

8 

1 

742018 

8 

2 

727704 

16 

2 

782555 

16 

2 

737352 

16 

2 

742096 

16 

8 

727785 

24 

8 

732685 

24 

8 

787431 

24 

8 

742175 

23 

4 

727866 

88 

4 

732715 

32 

4 

787511 

82 

4 

742254 

81 

5 

727948 

41 

5 

732796 

40 

5  737590 

40 

6 

742332 

89 

6 

728029 

49 

6 

732876 

48 

6 1 737670 

48 

6 

742411 

47 

7 

728110 

57 

7 

782956 

56 

7  737749 

56 

7 

742489 

55 

8 

728191 

65 

8 

733037 

64 

8 

787829 

64 

8 

742568 

68 

9 

728278 

78 

9 

733117 

72 

9 

737908 

72 

9 1 742647 

71 

5350 

728354 

5410 

733197 

5470 

737987 

5530  742725 

1 

728435 

8 

1 

733278 

8 

1 

738067 

8 

1  742804 

8 

2 

728516 

16 

2 

733358 

16 

2 

738146 

16 

2  742882 

16 

8 

728597 

24 

8 

783438 

24  1 

8 

738225 

24 

8 

742961 

28 

4 

728678 

88 

4 

733518 

82 

4 

738305 

32 

4 

748039 

81 

5 

728759 

41 

6 

733598 

40 

6 

738384 

40 

5 

743118 

39 

6 

728841 

49 

6 

733679 

48 

6 

738463 

48 

6 

748196 

47 

7 

728922 

57 

7 

733769 

56 

7 

738543 

56 

7 

743275 

55 

8 

729008 

65 

8 

738839 

64 

8 

738622 

64 

8 

743353 

63 

9 

729084 

78 

9 

733919 

72 

9 

738701 

72 

9 

743431 

71 

5360 

729165 

5420 

733999 

5480 

738781 

5540 

743510 

1 

729246 

8 

1 

734079 

8 

1 

738860 

8 

1 

743588 

8 

2 

7'2i)^21 

16 

2 

734159 

16 

2 

738939 

16 

2 

743067 

16 

8 

729408 

24 

8 

734240 

24 

8 

789018 

21 

8 

743745 

23 

4 

729489 

82 

4 

784320 

82 

4 

789097 

82 

4 

713823 

31 

5 

729570 

41 

5 

784400 

40 

5 

789177 

40 

6 

743902 

89 

6 

729651 

49 

6 

734480 

48 

6 

739256 

47 

6 

743980 

47 

7 

729782 

67 

7 

784560 

66 

7 

789335 

56 

7 

744058 

55 

8 

729818 

65 

8 

734640 

64 

8 

739414 

^8 

8 

744186 

68 

9 

729898 

78 

9 

734720 

72 

9 

739498 

71 

9 

744215 

71 

6370 

729974 

5480 

734800 

5490 

789572 

6550 

744293 

1 

730055 

8 

1 

734880 

8 

1 

789651 

8 

1 

744371 

8 

2 

780136 

16 

2 

734960 

16 

2 

739780 

16 

2 

744449 

16 

8 

730217 

24 

8 

735040 

24 

8 

789810 

24 

8 

744528 

28 

4 

730298 

82 

4 

735120 

82 

4 

789889 

82 

4 

744606 

81 

6 

730378 

40 

6 

735200 

40 

6 

789968 

40 

6 

744684 

89 

6 

730459 

49 

6 

735279 

48 

6 

740047 

47 

6 

744762 

47 

7 

730540 

57 

7 

735359 

56 

7 

740126 

56 

7 

744840 

56 

8 

730621 

65 

8 

735439 

64 

8 

740205 

63 

8 

744919 

68 

9 

730702 

78 

9 

735519 

72 

9 

740284 

71 

9 

744997 

71 

22 


LOOAHITHMS  OF  HUIIBBBS. 


No. 

i^. 

Firop. 
Fkrt. 

No. 

i^f. 

fs- 

Mo. 

Lofr 

5^ 

P»rt. 

Mo. 

!-«. 

St 

6560 

746076 

6620 

749786 

6680 

764848 

6740 

768912 

1 

746168 

8 

1 

749814 

8 

1 

764426 

6 

1 

768988 

8 

2 

746281 

16 

2 

749891 

16 

2 

764601 

16 

2 

769063 

15 

8 

746309 

28 

8 

749968 

28 

8 

764678 

28 

8 

7591891  23 

4 

746887 

81 

4 

760046 

81 

4 

754664 

80 

4 

7692141  30 

6 

746466 

89 

6 

760123 

89 

6 

764780 

88 

6 

769290 >  88 

6 

745648 

47 

6 

760200 

47 

6 

764807 

46 

6 

759866'  45 

7 

746621 

66 

7 

760277 

64 

7 

764888 

58 

7 

759441 

53 

8 

746699 

62 

8 

760864 

62 

8 

764960 

61 

8 

769617 

60 

9 

746777 

70 

9 

760431 

70 

0 

766036 

69 

9 

769592 

68 

6670 

746866 

5630 

760608 

6690 

766112 

6750 

759668 

1 

745983 

8 

1 

760586. 

8 

1 

756189 

8 

1 

769743 

8 

2 

746011 

16 

2 

760668 

16 

2 

766266 

16 

2 

759819 

16 

3 

746089 

23 

8 

760740 

23 

8 

766841 

28 

8 

759894 

23 

4 

746167 

81 

4 

750817 

81 

4 

755417 

80 

4 

769970 

80 

6 

746246 

89 

6 

760894 

39 

6 

766494 

88 

6 

760045 

88 

c 

746823 

47 

6 

760971 

47 

6 

765570 

46 

6 

700121 

45 

7 

746401 

55 

7 

761048 

64 

7 

755646 

68 

7 

760196 

53 

8 

746479 

62 

8 

751125 

62 

8 

765722 

61 

8 

760272 

60 

9 

746666 

70 

9 

761202 

70 

9 

765799 

69 

9 

760347 

68 

6580 

746634 

5640 

751279 

6700 

766875 

5760 

700422 

1 

746712 

8 

1 

761856 

8 

1 

765951 

8 

1 

760496 

8 

2 

746790 

16 

2 

761433 

16 

2 

766027 

15 

2 

760678 

15 

8 

746868 

28 

8 

751610 

28 

8 

766108 

28 

8 

760649 

23 

4 

746946 

81 

4 

761587 

80 

4 

766180 

80 

4 

760724 

30 

1    5 

747023 

89 

6 

751664 

88 

6 

766266 

88 

6  760799 

38 

6 

747101 

47 

6 

761741 

46 

6 

766882 

46 

6  760875 

45 

7 

747179 

66 

7 

751818 

64 

7 

756408 

68 

7 

760950 

53 

8 

747256 

62 

8 

761895 

62 

8 

756484 

61 

8 

761026 

60 

9 

747834 

70 

9 

761972 

70 

9 

766560 

69 

9 

761100 

68 

6590 

747412 

5650 

752048 

6710 

756836 

6770 

761176 

1 

747489 

8 

1 

752125 

8 

1 

766712 

8 

1 

761261 

8 

2 

747667 

16 

2 

752202 

16 

2 

766788 

16 

2 

761326 

15 

8 

747645 

23 

3 

762279 

23 

8 

766864 

28 

8 

761402 

23 

4 

747722 

81 

4 

762866 

80 

4 

766940 

80 

4 

761477 

30 

6 

747800 

89 

6 

752483 

88 

6 

757016 

88 

6 

761562 

38 

6 

747878 

47 

6 

762509 

46 

6 

757092 

46 

6 

761627 

45 

7 

747956 

54 

7 

752586 

64 

7 

767168 

68 

7 

761702 

53 

8 

748033 

62 

8 

752663 

62 

8 

767244 

61 

8 

761778 

GO 

9 

748110 

70 

9 

752740 

70 

9 

757820 

69 

9 

761853 

68 

6600 

748188 

5660 

752816 

6720 

757896 

5780 

761928 

1 

748266 

8 

1 

752898 

8 

1 

767472 

8 

1 

762003 

8 

2 

748343 

16 

2 

762970 

16 

2 

757648 

15 

2 

768078 

15 

8 

748421 

28 

8 

763047 

28 

8 

757624 

28 

8 

762153 

22 

4 

748498 

81 

4 

753128 

80 

4 

757700 

80 

4 

762228 

80 

6 

748676 

89 

6 

763200 

88 

6 

757776 

88 

6 

762303 

88 

6 

748663 

47 

6 

763277 

46 

6 

757861 

46 

6 

76287^ 

45 

7 

748731 

64 

7 

768363 

64 

7 

767927 

68 

7 

762453 

52 

8 

748808 

62 

•8 

763430 

62 

8 

758008 

61 

8 

762629 

60 

9 

748885 

70 

9 

768606 

70 

9 

758079 

68 

9 

762604 

68 

6610 

748963 

5670 

758583 

6)130 

758166 

6790 

762679 

1 

749040 

8 

1 

753660 

8 

^1 

768230 

8 

1 

762754 

8 

2 

749118 

16 

2 

753736 

16 

2 

768306 

16 

2 

762829 

15 

8 

749195 

28 

8 

768813 

28 

8 

758382 

28 

3 

762904 

22 

4 

749272 

31 

4 

763889 

80 

4 

758468 

.80 

4 

762978 

30 

6 

749350 

89 

6 

763966 

88 

6 

768683 

88 

6 

763063 

38 

6 

749427 

47 

6 

764042 

46 

G 

758609 

46 

6 

768128 

45 

7 

749504 

64 

7 

764119 

64 

7 

758686 

68 

7 

763203 

52 

8 

749682 

62 

8 

764196 

62 

8 

768760 

61 

8 

768278 

GO 

9 

749669 

70 

9 

764272 

70 

9 

758886 

68 

9 

763363 

68 

LOaABlTHHS  OF  NCHBBR8. 


28 


»•. 

L0C. 

Prop. 

H*. 

i^. 

Prop. 
Part. 

No. 

Lof. 

Prop. 
Patu 

No. 

l^. 

Pftrt. 

680O 

768428 

6860 

767898 

5920 

772822 

6980 

776701 

1 

763503 

7 

1 

767972 

7 

1 

772395 

7 

1 

776774 

7 

2 

763578 

16 

2 

768046 

16 

2 

772468 

16 

2 

776846 

14 

8 

763653 

22 

8 

768120 

22 

8 

772542 

22 

8 

77691Q 
77699? 

22 

4 

763727 

80 

4 

768194 

80 

4 

772616 

29 

4 

29 

5 

763802 

87 

6 

768268 

87 

6 

772688 

87 

6 

777064 

86 

6 

763877 

45 

6 

768842 

45 

6 

772762 

44 

6 

777137 

43 

7 

763952 

62 

7 

768416 

62 

7 

772835 

61 

7 

777209 

61 

8 

764027 

60 

8 

768490 

69 

8 

772908 

69 

8 

777282 

68 

9 

764101 

67 

9 

768564 

67 

9 

772981 

66 

9 

777354 

66 

5810 

764176 

5870 

768638 

5930 

778055 

6990 

777427 

1 

764251 

,  7 

1 

768712 

7 

1 

773128 

7 

1 

777499 

7 

2 

764826 

^16 

2 

768786 

16 

2 

773201 

16 

2 

777572 

14 

8 

764400 

22 

8 

768860 

22 

8 

773274 

22 

8 

777644 

22 

4 

764476 

80 

4 

768934 

80 

4 

773848 

29 

4 

777717 

29 

6 

764550 

87 

6 

769008 

87 

.6 

773421 

37 

6 

777789 

36 

6 

764624 

46 

6 

769082 

45 

6 

773494 

44 

6 

777862 

43 

7 

764699 

62 

7 

769156 

62 

7 

778667 

61 

7 

777934 

61 

8 

764774 

60 

8 

769230 

59 

8 

773640 

69 

8 

778006 

68 

9 

764848 

67 

9 

769303 

67 

9 

773713 

66 

9 

778079 

66 

6820 

764923 

6880 

769377 

5940 

773786 

6000 

778151 

1 

764998 

7 

1 

769461 

1 

1 

773860 

7 

1 

778224 

7 

2 

765072 

16 

2 

769525 

16 

2 

773933 

16 

2 

778296 

14 

8 

765147 

22 

8 

769599 

22 

8 

774006 

22 

8 

778368 

22 

4 

765221 

80 

4 

769673 

80 

4 

774079 

29 

4 

778441 

29 

6 

765296 

87 

6 

769746 

87 

6 

774152 

37 

6 

778513 

86 

6  765370 

45 

6 

769820 

46 

6 

774225 

44 

6 

778585 

43 

7 

765445 

62 

7 

769894 

62 

7 

774298 

51 

7 

778658 

61 

8 

765620 

60 

8 

769968 

69 

8 

774371 

69 

8 

778730 

68 

9 

765694 

67 

9 

770042 

67 

9 

774444 

66 

9 

778802 

66 

6830 

766669 

5890 

770116 

6950 

774617 

6010 .  778874 

1 

765743 

7 

1 

770189 

7 

1 

774690 

7 

1  778947 

7 

2 

765818 

16 

2 

770263 

16 

2 

774663 

16 

2  I  779019 

14 

8 

765S92 

22 

8 

770336 

22 

8 

774736 

22 

8 ; 779091 

22 

4 

765966 

30 

4 

770410 

80 

4 

774809 

29 

4  779163 

29 

6 

766041 

87 

6 

770484 

87 

6 

774882 

87 

6  779236 

86 

6 

766116 

45 

6 

770557 

45 

6 

774955 

44 

6 

779308 

43 

7 

766190 

52 

7 

770631 

62 

7 

775028 

61 

7 

779380 

61 

8 

766264 

60 

8 

770705 

69 

8 

775100 

69 

8 

779452 

68 

9 

766388 

67 

9 

770778 

67 

9 

776173 

66 

9 

779524 

66 

6840 

766418 

5900 

770852 

6960 

776246 

6020 

779696 

1 

766487 

7 

1 

770926 

7 

1 

776319 

7 

1 

779669 

7 

2 

766562 

16 

2 

770999 

16 

2 

775392 

16 

2 

779741 

14 

8 

766636 

22 

8 

771073 

22 

8 

775465 

22 

8 

779813 

22 

4 

766710 

80 

4 

771146 

30 

4 

775638 

29 

4 

779886 

29 

5 

766785 

87 

6 

771220 

37 

6 

776610 

87 

6 

779967 

36 

6 

766869 

46 

6 

771293 

46 

6 

775683 

44 

6 

780029 

43 

7 

766983 

62 

7 

771367 

62 

7 

775756 

61 

7 

780101 

60 

8 

767007 

60 

8 

771440 

69 

8 

775829 

69 

8 

780173 

58 

9 

767082 

67 

9 

771514 

67 

9 

776902 

66 

9 

780246 

66 

6860 

767166 

6910 

771587 

6970 

776974 

6080 

780817 

1 

767280 

7 

1 

771661 

7 

1 

776047 

7 

1 

780389 

7 

2 

767304 

16 

2 

771734 

16 

2 

776120 

15 

2 

780461 

14 

8 

767379 

22 

8 

771808 

22 

8 

776193 

22 

8 

780688 

22 

4 

767463 

80 

4 

771881 

80 

4 

776265 

29 

4 

780605 

29 

6 

767627 

87 

6 

771956 

87 

6 

776338 

87 

5 

780677 

36 

6 

767601 

46 

6 

772028 

44 

6 

776411 

44 

6 

780749 

43 

7 

767676 

62 

7 

772102 

62 

7 

776483 

61 

7 

780821 

60 

8 

767749 

69 

8 

772176 

69 

8 

776566 

69 

8 

780898 

68 

9 

767828 

67 

9 

772248 

67 

9 

776629 

66 

9 

780966 

66 

24 


LOOARITHUS   OF  RUMBBKS. 


N«. 

Lof. 

Prop. 
Ptort. 

No. 

i-«. 

Prop. 
Phrt. 

^6160 

Lo«. 

Prop. 
Part. 

N. 

i-»- 

5:^ 

Pkn. 

6040 

781087 

6100 

786380 

789681 

6220 

793790 

1 

781109 

7 

1  ; 785401 

7 

1   1 

789661 

7 

1 

793860 

7 

2 1781181 

14 

2  785472 

14 

2 

789722 

14 

2 

793930 

14 

8 , 781253 

22 

8 1 786543 

21 

8 

789792 

21 

8 

794000 

21 

4 

781824 

29 

4  i  786616 

28 

4 

789863 

28 

4 

794070 

28 

6 

781396 

86 

6  786686 

86 

5 

789988 

36 

5 

794189!  35  1 

6 

781468 

43 

6  786767 

48 

6 

790004 

42 

6 

794209 

42 

7 

781640 

60 

7 1 786828 

60 

7 

790074 

49  , 

:    7 

794279 

49 

8 

781612 

68 

8 

785899 

67 

8 

790144 

66 

8 

794349 

56 

9 

781684 

66 

9 

786970 

64 

9 

790216 

63 

9 

794418 

63 

6060 

781766 

6110 

786041 

6170 

790285 

i6280 

794488 

1 

781827 

7 

1 

786112 

7 

1 

790356 

7 

!  1 

794658 

7 

2 

781899 

14 

2 

786183 

14 

2 

790426 

14 

1   2 

794627 

14 

8 

781971 

22 

8 

786264 

21 

3 

790496 

21 

8 

794697 

21 

4 

782042 

29 

4 

786326 

28 

4 

790567 

28 

i   4 

794767 

28 

5 

782114 

86 

6  786396 

36 

6 

790637 

36 

-   6 

794836 

35 

6 

782186 

43 

6  786467 

43 

6 

790707 

42 

1   6 

794906 

42 

7 

782268 

60 

7  786638 

60 

7 

700778 

49 

■   7 

794976 

49 

8 

782329 

68 

8  786609 

67 

8 

790848 

66 

8 

795045 

56 

9 

782401 

66 

9 

786680 

64 

9 

790918 

68 

9 

795116 

63 

6060 

782478 

6120 

786761 

6180 

790988 

6240 

795185 

1 

782644 

7 

1 

786822 

7 

1 

791059 

7 

1 

795254 

7 

2 

782616 

14 

2 

786893 

14 

2 

791129 

14 

1   2 

795324 

14 

8 

782688 

21 

3 

786964 

21 

8 

791109 

21 

!   3 

795393 

21 

4 

782759 

29 

4 

787036 

28 

4 

791269 

28 

4 

795463 

28 

6 

782831 

86 

5 

787106 

86 

6 

791840 

86 

6 

795532 

85 

6 

782902 

48 

6 

787177 

48 

6 

791410 

42 

6 

795602 

42 

7 

782974 

60 

7 

787248 

60 

7 

791480 

49 

7 

795671 

49 

8 

783046 

67 

8 

787319 

67 

t   8 

791660 

66 

8 

795741 

56 

9 

783117 

64 

9 

787890 

64 

1   9 

791620 

63 

9 

795810 

63 

6070 

783189 

6130 

787460 

6190 

791691 

6250 

795880 

1 

783260 

7 

1 

787531 

7 

1 

791761 

7 

1 

795949 

7 

2 

783332 

14 

2 

787602 

14 

2 

791881 

14 

2 

796019 

14 

8 

783403 

21 

8 

787673 

21 

8 

791901 

21 

8 

796088 

21 

4 

783476 

29 

4 

787744 

28 

4 

791971 

28 

4 

796168 

28 

6 

783646 

36 

6 

787815 

36 

6 

792041 

86 

1   5 

796227 

35 

6 

783618 

43 

>6 

787885 

42 

6 

792111 

42 

6 

796297 

42 

7 

783689 

60 

7 

787956 

49 

7 

792181 

49 

1   7 

796366 

49 

8 

783761 

67 

8 

788027 

66 

8 

792262 

66 

1   8 

796436 

56 

9 

783832 

64 

9 

788098 

63 

9 

792322 

63 

i     9 

796505 

63 

6080 

783904 

6140 

788168 

6200 

792392 

6260 

796674 

1 

783975 

7 

1 

788239 

7 

1 

792462 

7 

1 

796644 

7 

o 

784046 

14 

2 

788310 

14 

2 

792682 

14 

2 

796713 

14 

8 

784118 

21 

8 

788381 

21 

8 

792602 

21 

8 

796782 

21 

4 

784189 

29 

4 

788451 

28 

4 

792672 

28 

4 

796852 

27 

6 

784261 

36 

6 

788522 

86 

6 

792742 

86 

5 

796921 

35 

6 

784332 

43 

6 

788593 

42 

6 

792812 

42 

6 

796990 

42 

7 

784403 

60 

7 

788663 

49 

7 

792882 

49 

7 

797060 

49 

8 

784476 

67 

8 

788734 

66 

8 

792962 

56 

8 

797129 

56 

9 

784646 

64 

9 

788804 

63 

9 

798022 

68 

9 

797198 

62 

6090 

784617 

6160 

788875 

6210 

798092 

6270 

797268 

1 

784689 

7 

1 

788946 

7 

1 

798162 

7 

1 

797837 

7 

2 

784760 

14 

2 1 789016 

14 

2 

798231 

14 

2 

797406 

14 

8 

784831 

21 

8  789087 

21 

8 

793301 

21 

8 

797475 

21 

4 

784902 

29 

4 1 789167 

28 

4 

793871 

28 

4 

797545 

27 

6 

784974 

36 

6 

789228 

86 

5 

793441 

86 

5 

797614 

85 

6 

786046 

43 

6 

789299 

42 

6 

798611 

42 

6 

797683 

42 

7 

786116 

60 

7 

789369 

49 

7 

798681 

49 

7 

797762 

49 

8 

786187 

67 

8 

789440 

66 

8 

798661 

56 

8 

797821 

56 

9 

786269 

64 

9 

789610 

63 

9 

798721 

68 

9 

797890 

62 

LOQARITHHS  OF  KVHBBRS. 
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Vo. 

Lofr 

Kt 

NO. 

Log. 

RS 

no. 

Log. 

Prop. 
Part. 

1 

No. 

Lof. 

J»ror. 
Part 

6280 

797960 

0840 

802089 

1 

6400 

806180 

6460 

810238 

1 

798029 

7 

1 

802158 

7 

1 

806248 

7 

1 

810300 

7 

2 

798098 

14 

2 

802226 

14 

2 

806316 

14 

2 

810867 

18 

8 

798167 

21 

3 

802296 

21 

8 

806384 

20 

8 

810434 

20 

4 

798286 

28 

4 

802863 

27 

4 

806461 

27 

4 

810501 

27 

5 

798806 

84  > 

5 

802482 

84 

6 

806519 

84 

6 

810569 

88 

6 

798874 

41 

6 

802500 

41 

6 

806587 

41 

6 

810636 

40 

7 

798448 

48 

7 

802668 

48 

7 

806656 

48 

7 

810703 

47 

8 

798612 

65 

8 

802637 

66 

8 

806723 

54 

8 

810770 

64 

9 

798582 

62 

9 

802706 

62 

9 

806790 

61 

9 

810837 

60 

6290 

798661 

6360 

802774 

6410 

806868 

6470 

810904 

1 

798720 

7 

1 

802842 

7 

1 

806926 

7 

1 

810971 

7 

2 

798789 

14 

2 

802910 

14 

2 

806994 

14 

2 

811038 

18 

8 

798858 

21 

8 

802979 

21 

3 

807061 

20 

8 

811106 

20 

4 

798927 

28 

4 

803047 

27 

4 

807129 

27 

4 

811178 

27 

6 

798996 

84 

6 

803116 

34 

6 

807197 

84 

5 

811240 

83 

6 

799065 

41 

6 

803184 

41 

6 

807264 

41 

6 

811307 

40 

7 

799184 

48  ! 

7 

803252 

48 

7 

807332 

48 

7 

811374 

47 

8 

799208 

66 

8 

803320 

66 

8 

807400 

64 

8 

811441 

64 

9 

799272 

62 

9 

803389 

62 

9 

807467 

61 

9 

811608 

60 

6800 

799841 

6360 

803457 

6420 

807686 

6480 

811676 

1 

799409 

7 

1 

803525 

7 

1 

807603 

7 

1 

811642 

7 

2 

799478 

14 

2 

803594 

14 

2 

807670 

14 

2 

811709 

18 

8 

799547 

21 

*   8 

803662 

21 

8 

807738 

20 

8 

811776 

20 

4 

799616 

28 

4 

803730 

27 

4 

807806 

27 

4 

811848 

27 

6 

799686 

84 

6 

808798 

84 

6 

807878 

84 

6 

811910 

83 

6 

799754 

41 

6 

808867 

41 

6 

807941 

41 

6 

811977 

40 

7 

799823 

48 

7 

803936 

48 

7 

808008 

48 

7 

812044 

47 

8 1 799892 

65 

8 

804003 

56 

8 

808076 

64 

8 

812111 

64 

9 ' 799961 

62 

9 

804071 

62 

9 

808143 

61 

9 

812178 

60 

6810  800029 

6870 

804189 

6430 

808211 

6490  812246 

1  800098 

7 

1 

804208 

7 

1  i  808279 

7 

1 

812812 

7 

2  800167 

14 

2 

804276 

14 

2 

808346 

14 

2 

812378 

18 

3  800286 

21 

8 

804344 

21 

8 

808414 

20 

8 

812446 

20 

4 ' 800305 

28 

4 

804412 

27 

4 

808481 

27 

4 

812612 

27 

5  800873 

34 

5 

804480 

84 

5 

808549 

84 

6 

812679 

88 

6 1 800442 

41 

6 

804548 

41 

6 

808(il6 

41 

6 

812646 

40 

7 '800611 

48 

7 

804616 

48 

7 

808684 

48 

7 

812718 

47 

8 ' 800580 

66 

8 

804085 

65 

8 

808751 

64 

8  812780 

64 

9  800648 

62 

9 

804753 

62 

9 

808818 

61 

9  812847 

60 

6820  800717 

6880 

804821 

6440 

808886 

6600 

812918 

1  800786 

7 

1 

804889 

7 

1 

808953 

7 

1 

812980 

7 

2  800854 

14 

2 

804957 

14 

2 

809021 

18 

2 

813047 

18 

8 • 800923 

21 

8 

805026 

20 

3 

809088 

20 

3 

813114 

20 

4  I  800992 

28 

4 

805098 

27 

4 

809156 

27 

4  813181 

27 

6 ' 801060 

84 

5 

806161 

84 

6 

809223 

84 

6 

813247 

88 

6:801129 

41 

6 

805229 

41 

6 

809290 

40 

6 

813814 

40 

71801198 

48 

7 

805297 

48 

7 

809358 

47 

7 

813381 

47 

8 

801266 

66 

8 

805365 

54 

8 

809425 

64 

8 

813448 

64 

9 

801886 

62 

9 

805433 

61 

9 

809492 

61 

9 

813614 

60 

6880 

801404 

6390 

806501 

6460 

809560 

6610 

813581 

1 

801472 

7 

1 

805569 

7 

1 

809627 

7 

1 

813648 

7 

2 

801641 

14 

2 

805637 

14 

2 

809694 

13 

2 

813714 

13 

8 

801609 

21 

8 

805705 

20 

8 

809762 

20 

8 

813781 

20 

4 

801678 

27 

4 

805778 

27 

4 

809829 

27 

4 

813848 

27 

6 

801747 

84 

6 

805841 

84 

6 

809896 

34 

6 

813914 

88 

6 

801816 

41 

6 

805908 

41 

6 

809964 

40 

6 

813981 

40 

7 

801884 

48 

7 

805976 

48 

7 

810031 

47 

7 

814048 

47 

8 

801962 

65 

8 

806044 

64 

8 

810098 

64 

8 

814114 

64 

9 

802021 

62 

9 

806112 

61 

9 

810165 

61 

9 

814181 

60 

26 


LOaASIIHMS  OF  NUMBSKS. 


No. 

Log. 

S2- 

No. 

Lof. 

Prop. 

No. 

i-«. 

Prop. 

PJUt. 

H^     Lot 

St 

6520 

814248 

6580 

818226 

6640 

822168 

6700 !  826075 

1 

814314 

7 

1 

818292 

7 

1 

822238 

7 

1  826140 

6 

2 

814381 

18 

2 

818368 

18 

2 

822299 

13 

2 ; 826204 

13 

8 

814447 

20 

8 

818424 

20 

8 

822864 

20 

8 ! 826269 

19 

4 

814514 

26 

4 

818490 

26 

4 

822430 

26 

4 

826884 

26 

6 

814581 

88 

6 

818556 

83 

5 

822495 

88 

5 

82681^9 

82 

6 

814647 

40 

6 

818622 

40 

6 

822560 

89 

6 

826464 

89 

7 

814714 

46 

7 

818688 

46 

7 

822626 

46 

7 

820528 

45 

8 

814780 

58 

8 

818754 

58 

8 

822691 

62 

8 , 826598 

52 

9 

814847 

60 

9 

818819 

59 

9 

822756 

59 

9 

826658 

58 

6580 

814913 

6590 

818885 

0C50 

822828 

6710 

826722 

1 

814980 

7 

1 

818951 

7 

1 

822887 

7 

1 

826787 

6 

2 

815046 

18 

2 

819017 

18 

2 

822952 

18 

2 '826852 

13 

8 

816118 

20 

8 

819083 

20 

8 

823018 

20 

8  1  826917 

19 

4 

815179 

26 

4 

819149 

26 

4 

828088 

26 

4 

826981 

26 

5 

815246 

88 

6 

819215 

88 

5 

828148 

88 

5 

827046 

82 

6 

815812 

40 

6 

819281 

40 

6 

823213 

89 

0 

827111 

39 

7 

815878 

46 

7 

819346 

46 

7 

823279 

46 

7 

827175:  45 

8 

815445 

58 

8 

819412 

53 

8 

823344 

52 

8 

827240'  52 

9 

815511 

60 

9 

819478 

59 

9 

823409 

59 

9 

827305 

68 

6540 

815578 

6600 

819544 

0660 

823474 

6720 

827369 

1 

815644 

7 

1 

819610 

7 

1 

823689 

7 

1 

827484 

6 

2 

815711 

18 

2 

819675 

18 

2 

823606 

18 

2 

827498 

13  1 

8 

815777 

20 

8 

819741 

20 

8 

823670 

20 

8 

827563;  19 

4 

815848 

26 

4 

819807 

26 

4 

823735 

26 

4 

827628  26 

6 

815910 

88 

5 

819873 

88 

5 

823800 

83 

5 

827692  32 

6 

815976 

40 

6 

819939 

40 

6 

823865 

89 

6 

827757  89 

7 

816042 

46 

7 

820004 

46 

7 

823930 

46 

7 

827821  45 

8 

816109 

53 

8 

8:i0070 

58 

8 

823990 

52 

8 

8278861  52  1 

9 

816175 

60 

9 

820136 

59 

9 

824061 

59 

9 

827951 

58 

6550 

816241 

6610 

820201 

6670 

824126 

6730 

828015 

1 

816808 

z. 

1 

820267 

7 

1 

824191 

6 

1 

828080 

6 

2 

816374 

18 

2 

820333 

13 

2 

824266 

18 

2 

828144 

13 

8 

816440 

20 

8 

820399 

20 

8 

824321 

19 

3 

828209 

19 

4 

816506 

26 

4 

820464 

26 

4 

824386 

26 

4 

828273  26  1 

5 

816678 

83 

5 

820530 

83 

5 

824451 

82 

5 

828838 

82 

6 

816689 

40 

6 

820596 

40 

6 

824616 

89 

6 

828402 

89 

•  7 

816705 

46 

7 

820661 

46 

7 

824581 

45 

7 

828467 

45 

8 

816771 

53 

8 

820727 

58 

8 

824646 

52 

8 

828531 

52 

9 

816838 

60 

9 

820792 

59 

9 

824711 

58 

9 

828595 

58 

6560 

816904 

6620 

820868 

0680 

824776 

6740 

828660 

1 

816970 

7 

1 

820924 

7 

1 

824841 

6 

1 

828724 

6 

2 

817036 

18 

2 

820989 

18 

2 

824906 

13 

2 

828789 

18 

8 

817102 

20 

8 

821055 

20 

8 

824971 

19 

3 

828853 

19 

4 

817169 

26 

4 

821120 

26 

4 

826086 

26 

4 

828918 

26 

5 

817235 

88 

5 

821186 

88 

5 

826101 

82 

5 

828982 

32 

6 

817801 

40 

6 

821261 

40 

6 

826166 

89 

6 

829046 

39 

7 

817867 

46 

7 

821317 

46 

7 

826281 

45 

7 

829111 

46 

8 

817438' 

53 

8 

821382 

53 

8 

826296 

62 

8 

829175 

62 

9 

817499 

59 

9 

821448 

59 

9 

825361 

58 

9 

829239 

68 

6570 

817565 

6680 

821514 

6690 

825426 

6750 

829304 

1 

817681 

7 

1 

821579 

7 

1 

825491 

6 

1 

829368 

6 

2 

817698 

IS 

2  821644 

13 

2 

826556 

13 

2 

829432 

18 

8 

817764 

20 

8  821710 

20 

3 

825621 

19 

8 

829497 

19 

4 

817880 

26 

41821775 

26 

"  4 

825686 

26 

4 

829561 

26 

5 

817896 

88 

5 , 821841 

88 

5 

825751 

82 

5 

829625 

82 

6 

817962 

40 

6  821906 

-89 

6 

825815 

89 

6 

829690 

89 

7 

818028 

46 

7  821972 

46 

7 

825880 

45 

7 

829764 

46 

8 

818094 

58 

8  822087 

52 

8 

825946 

62 

8 

829818 

62 

9  818160 

59 

9  I  822103 

59 

9 

826010 

58 

9 

829882 

68 
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Ko. 

Log. 

Prop. 
Part. 

No. 

Log. 

Prop. 

N«. 

1^ 

Prop. 
Pixt. 

No. 

l^ 

Pan. 

0^60 

829947 

6820 

888784 

6880 

837688 

6940 

841859 

1 

830011 

6 

1 

833848 

6 

1 

837652 

6 

1 

841422 

6 

2 

830075 

13 

2 

833912 

13 

2 

837715 

18 

2 

841485 

18 

3 

830139 

19 

3 

833975 

19 

8 

837778 

19 

8 

841547 

19 

i 

830204 

26 

4 

834039 

26 

4 

897841 

25 

4 

84J610 

25 

6 

830268 

82 

5 

834103 

82 

5 

837904 

32 

5 

841672 

31 

6 

880382 

38 

6 

834166 

88 

6 

837967 

88 

6 

841735 

88 

•  7 

830396 

45 

7 

834230 

45 

7 

838080 

44 

7 

841797 

44 

8 

880460 

51 

8 

834293 

51 

8 

888093 

50 

8 

841860 

50 

9 

880526 

58 

9 

884357 

58 

9 

838156 

57 

9 

841922 

56 

6770 

880589 

6880 

834421 

6890 

838219 

6950 

841985 

;    1 

830058 

6 

1 

834484 

6 

1 

838282 

6 

1 

842047 

6 

2 

830717 

13 

2 

884548 

18 

2 

888845 

18 

2 

842110 

12 

8 

880781 

19 

8 

834611 

19 

8 

838408 

19 

8 

842172 

19 

4 

830845 

26 

4 

834675 

26 

4 

838471 

25 

4 

842285 

25 

5 

830909 

82 

5 

834739 

32 

5 

838634 

82 

5 

842297 

31 

6 

830973 

38 

6 

884802 

38 

6 

838597 

88 

6 

842860 

87 

7 

831087 

45 

7 

834866 

45 

7 

838660 

44. 

7 

842422 

44 

8 

831102 

51 

8 

884929 

51 

8 

888723 

50 

8 

842484 

50 

9 

831166 

58 

9 

834993 

58 

9 

838786 

57 

9 

842547 

56 

6780 

831280 

6840 

885056 

6900 

838849 

0960 

842609 

1 

881294 

6 

1 

835120 

6 

1 

838912 

6 

1 

842672 

6 

2 

831358 

18 

2 

835183 

13 

•2 

838975 

13 

2 

842734 

12 

3 

831422 

19 

8 

885247 

19 

8 

839038 

19 

8 

842796 

19 

4 

831486 

26 

4 

835310 

26 

4 

839101 

25 

4 

842859 

25 

6 

831550 

82 

5 

885378 

82 

5 

839164 

31 

5 

842921 

81 

6 

831614 

38 

6 

835487 

38 

6 

889227 

38 

6 

842983 

37 

7 

881678 

45 

7 

835500 

45 

7 

889289 

44 

7 

843046 

44 

8 

881742 

51 

8 

835564 

51 

8 

839852 

50 

8 

843108 

50 

9 

831806 

58 

9 

835627 

58 

9 

839415 

57 

9 

843170 

56 

6790 

831870 

6850 

835691 

6910 

889478 

6970 

848288 

1 

831934 

6 

1 

835754 

6 

1 

839541 

6 

1 

848295 

6 

2 

881998 

18 

2 

835817 

18 

2 

889604 

13 

2 

848857 

12 

8 

832062 

19 

8 

835881 

19 

3 

839667 

19 

8 

843420 

19 

4 

832126 

26 

4 

835944 

26 

4 

839729 

25 

4 

843482 

25 

6 

832189 

82 

5 

886007 

82 

5 

839792 

31. 

5 

843544 

31 

6 

882253 

88 

6 

836071 

38 

6 

889855 

88 

6 

843606 

87 

7 

882817 

45 

7 

836184 

45 

7 

839918 

44 

7 

843669 

43 

8 

832881 

51 

.  8 

836197 

51 

8 

839981 

50 

8 

848781 

50 

9 

832445 

58 

9 

836261 

58 

9 

840043 

57 

9 

848798 

56 

6800 

882509 

6860 

836324 

6920 

840106 

0980 

848855 

1 

882578 

6 

1 

886387 

6 

1 

840169 

6 

1 

848918 

6 

2 

832687 

18 

2 

836461 

13 

2 

840282 

18 

2 

843980 

12 

8 

882700 

19 

8 

886514 

19 

8 

840294 

19 

3 

844042 

19 

4 

882764 

26 

4 

836577 

26 

4 

840857 

25 

4 

844104 

25 

6 

882828 

82 

5 

836641 

32 

5 

840420 

81 

5 

844166 

81 

6 

882892 

38 

6 

886704 

88 

6 

840482 

88 

6 

844229 

37 

7 

882956 

45 

7 

836767 

45 

7 

840545 

44 

7 

844291 

48 

8 

883020 

51 

8 

886880 

51 

8 

840608 

50 

8 

844353 

50 

9 

888088 

68 

» 

836894 

58 

9 

840671 

57 

9 

844415 

56 

6810 

883147 

6870 

886957 

6980 

840788 

6990 

844477 

1 

838211 

6 

1 

837020 

6 

1 

840796 

6 

1 

844589 

6 

2 

888276 

18 

2 

837088 

13 

2 

840859 

18 

2 

844601 

12 

8 

888838 

19 

8 

887146 

19 

8 

840921 

19 

8 

844664 

10 

4 

883402 

26 

4 

887210 

25 

4 

840984 

25 

4 

844726 

25 

6 

838466 

32 

5 

887278 

32 

5 

841046 

31 

5 

844788 

31 

6 

883580 

88 

6 

887836 

88 

6 

841109 

88 

6 

844850 

37 

7 

833593 

45 

7 

887399 

44 

7 

841172 

44 

7 

844912 

48 

8 

833657 

51 

8 

837462 

51 

8 

841284 

50 

8 

844974 

60 

9 

888721 

58 

9 

887525 

57 

9 

841297 

56 

9 

845086 

56 

28 
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No. 

hf^g. 

Prop. 
Part. 

N*.  1   X«f . 

ES- 

Me. 

i^ 

Pm». 

PMrt. 

No. 

u>t. 

^ 

7000 

845098 

7060  848805 

7120 

852480 

7180 

856124 

1 

846160 

6 

1  848866 

6 

1 

852641 

6 

1 

856185 

6 

2 

845222 

12 

2  848928 

12 

2 

852602 

12 

2 

856246;  12 

8 

845284 

19 

8 

848989 

18 

8 

862668 

18 

8 

856806  18 

4 

845346 

25 

4 

849051 

25 

4 

852724 

24 

4 

856866  24 

6 

845408 

31 

5 

849112 

81 

5 

852786 

80 

5 

856427  30 

6 

846470 

87 

6 

849174 

87 

6 

852846 

87 

6 

856487  36 

7 

845582 

43 

7 

849285 

43 

7 

862907 

43 

7 

a56&48  42 

8 

845594 

50 

8 

849296 

49 

8 

862968 

49 

8 

856608 

48 

9 

845656 

56 

9 

849358 

55 

9 

858029 

55 

9 

856668 

54 

7010 

845718 

7070 

849419 

7130 

858090 

7190 

856729 

1 

845780 

6 

1 

849481 

6 

1 

858150 

6 

1 

856789 

6 

2 

845842 

12 

2 

849542 

12 

2 

858211 

12 

2 

856860 

12 

8 

845904 

19 

8 

849604 

18 

8 

858272 

18 

8 

85C910 

18 

4 

845^66 

25 

4 

849665 

25 

4 

858888 

24 

4 

856970 

24 

6 

846028 

31 

5 

849726 

81 

5 

853894 

80 

5 

857031 

30 

6 

846090 

87 

6 

849788 

87 

6 

858455 

87 

6 

857091 

36 

7 

846151 

48 

7 

849849 

43 

7 

858516 

43 

7 

857151 

42 

8 

846213 

50 

8 

849911 

49 

8 

853576 

49 

8 

857212 

48 

9 

846275 

56 

9 

849972 

55 

9 

853687 

55 

9 

857272 !  54 

7020 

846387 

7080 

850083 

7140 

858698 

7200 

867832 

1 

846399 

C 

1 

860095 

6 

1 

863759 

6 

1 

857393   6  ' 

2 

846461 

12 

2 

850156 

12 

2 

863820 

12 

2 

867453  •  12  ' 

8 

846523 

19 

3 

850217 

18 

8 

853881 

18 

3 

857513 ;  18  : 

4 

846584 

25 

4 

860279 

25 

4 

858941 

24 

4 

857574  24  ■ 

5 

846646 

31 

5 

850840 

81 

5 

864002 

30 

5 

867634 

80  , 

6 

846708 

37 

6 

850401 

87 

6 

854068 

87 

6 

857694 

36  1 

7 

846770 

48 

7 

860462 

43 

7 

854124 

48 

7 

857754 

42  1 

8 

846832 

50 

8 

860624 

49 

8 

854186 

49 

8 

857816 

48 

9 

846894 

56 

9 

850585 

55 

9 

854245 

65 

9 

867875 

54  1 

7030 

846955 

7090 

850646 

7160 

854806 

7210 

857935 

1 

1 

847017 

6 

1 

860707 

6 

'  1 

854367 

6 

1 

857995 t  6  ■ 

2 

847079 

12 

2 

850769 

12 

2 

854427 

12 

2 

858066 

12  : 

8 

847141 

19 

8 

850830 

18 

8 

854488 

18 

8 

858116 

18  ' 

4 

847202 

26 

4 

860891 

25 

4 

854549 

24 

4 

868176 

24 

5 

847264 

81 

5 

850952 

31 

5 

854610 

80 

5 

858286 

30 

6 

847326 

37 

6 

861014 

87 

6 

864670 

36 

6 

858297 

36 

7 

847388 

43 

7 

851076 

48 

7 

854781 

42 

7 

858357 

42 

8 

847449 

50 

8 

851186 

49 

8 

854792 

48 

8 

858417 

48 

g 

8476U 

56 

9 

851197 

55 

9 

854852 

54 

9 

858477 

54 

7040 

847573 

7100 

851258 

7160 

854913 

7220 

858537 

1 

847634 

6 

1 

861820 

6 

1 

864974 

6 

1 

858597   6 

2 

847696 

12 

2 

861881 

12 

2 

855084 

12 

2 

858657 1  12  i 

8 

847758 

18 

8 

851442 

18 

8 

865095 

18 

3 

858718 »  18  1 

4 

847819 

25 

4 

851508 

25 

4 

855156 

24 

4 

858778 

24 

6 

847881 

81 

5 

851564 

81 

6 

855216 

80 

6 

858838 

30 

6 

847943 

87 

6 

861625 

87 

6 

855277 

86 

6 

858898 

36 

7 

848004 

48 

7 

851686 

48 

7 

855887 

42 

7 

858958 

42 

8 

848066 

49 

8 

851747 

49 

8 

855898 

48 

8 

859018 

48 

9 

848127 

55 

9 

851808 

55 

9 

855459 

54 

9 

869078 

54 

7050 

848189 

7110 

851870 

7170 

855519 

7280 

859188 

1 

848251 

6 

1 

851981 

6 

1 

855580 

6 

1 

859198 

6 

2 

848312 

12 

2 

851992 

12 

2 

855640 

12 

2 

859258 

12 

8 

848374 

18 

8 

852058 

18 

8 

855701 

18 

8 

859818 

18 

4 

848435 

25 

4 

852114 

25 

4 

855761 

24 

4 

859378 

24 

6 

848497 

31 

5 

852175 

81 

5 

856822 

80 

5 

859438 

80 

6 

848559 

87 

6 

852286 

87 

6 

855882 

86 

6 

859499 

86 

7 

848620 

43 

7 

862297 

48 

7 

865948 

42 

7 

859659 

42 

8 

848682 

49 

8  852858 

49 

8 

856008 

48 

8 

859619 

48 

9 

848748 

55 

9 1852419 

55 

9 

856064 

54 

9 

859679 

Mj 
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29 


N<». 

Log. 

gap. 

Part. 

No. 

Lof. 

Prop. 
Part. 

No. 

Log. 

?K?; 

No. 

Log. 

Ss: 

7240 

869739 

7300 

863828 

7860 

868878 

7420 

870404 

1 

869799 

6 

1 

863882 

6 

1 

866937 

6 

1 

870462 

6 

2 

859858 

12 

2 

863442 

12 

2 

866996 

12 

2 

870521 

12 

8 

859918 

18 

8 

863501 

18 

8 

867055 

18 

8 

870579 

18 

4 

859978 

24 

4 

863561 

24 

4 

867114 

24 

4 

870688 

24 

6  860038 

30 

5 

863620 

80 

5 

867178 

29 

5 

870696 

29 

6 

860098 

86 

6 

863680 

86 

6 

867232 

85 

6 

870755 

35 

7 

860158 

42 

7 

863789 

42 

7 

867291 

41 

7 

870818 

41 

8 

860218 

48 

8 

863798 

48 

8 

867850 

47 

8 

870872 

47 

9 

860278 

54 

9 

868858 

54 

9 

867409 

58 

9 

870980 

68 

7250 

860888 

.7810 

868917 

7370 

867467 

7480 

870989 

1 

860898 

6 

1 

863977 

6 

1 

867526 

6 

1 

871047 

6 

2 

860458 

12 

2 

864086 

12 

2 

867585 

12 

2 

871106 

12 

8 

860518 

18 

8 

864096 

18 

8 

867644 

18 

8 

871164 

18 

4 

860578 

24 

4 

864155 

24 

4 

867708 

24 

4 

871228 

24 

5 

860687 

80 

5 

864214 

80 

5 

807762 

29 

5 

871281 

29 

6 

860697 

86 

6 

864274 

86 

6 

867821 

85 

6 

871839 

85 

7 

860757 

42 

7 

864838 

42 

7 

867880 

41 

7 

871898 

41 

8 

860817 

48 

8 

864392 

48 

8 

867989 

47 

8 

871456 

47 

9 

860877 

54 

9 

864452 

54 

9 

867998 

58 

9 

871516 

58 

7260 

860987 

7820 

864511 

7880 

868056 

7440 

871578 

1 

860996 

6 

1 

864570 

6 

1 

868115 

6 

1 

871681 

6 

2 

861056 

12 

2 

864680 

12 

2 

868174 

12 

2 

871690 

12 

8 

861116 

18 

8 

864689 

18 

8 

868238 

18 

8 

871748 

18 

4 

861176 

24 

4 

864748 

24 

4 

868292 

24 

4 

871806 

28 

5 

861236 

80 

5 

864808 

80 

5 

868350 

29 

5 

871865 

29 

6 

861295 

36 

6 

864867 

86 

6 

868409 

85 

6 

871928 

85 

7 

861855 

42 

7 

864926 

42 

7 

868468 

41 

7 

871981 

41 

8  1  861415 

48 

8 

864985 

48 

8 

868527 

47 

8 

872040 

47 

9 

861475 

54 

9 

865045 

54 

9 

868586 

58 

•  9 

872098 

58 

7270 

861584 

7880 

865104 

7890 

868644 

7450 

872156 

1 

861594 

6 

1 

865168 

6 

1 

868703 

6 

1 

872215 

6 

2 

861654 

12 

2 

865222 

12 

2 

868762 

12 

2 

872273 

12 

8 

861714 

18 

8 

865282 

18 

8 

868821 

18 

8 

872831 

18 

4 

861778 

24 

4 

865841 

24 

4 

868879 

24 

4 

872889 

28 

5 

861888 

80 

5 

865400 

80 

5 

868988 

29 

5 

872448 

29 

6 

861898 

86 

6 

865459 

86 

6 

868997 

85 

6 

872506 

35 

7 

861952 

42 

7 

865518 

42 

7 

869056 

41 

7 

872564 

41 

8 

862012 

48 

8 

805578 

48 

8 

869114 

47 

8 

872622 

47 

9 

862072 

54 

9 

865687 

54 

9 

869178 

58 

9 

872681 

68 

7280 

862181 

7840 

865696 

7400 

869282 

7460 

872789 

1 

862191 

6 

1 

865755 

6 

1 

869290 

6 

1 

872797 

6 

2 

862251 

12 

2 

865814 

12 

2 

869849 

12 

2 

872865 

12 

3 

862810 

18 

8 

865874 

18 

8 

869408 

18 

8 

872913 

18 

4 

862870 

24 

4 

865988 

24 

4 

869466 

24 

4 

872972 

28 

6 

862480 

80 

6 

865992 

80 

5 

869525 

29 

5 

878030 

29 

6 

862489 

86 

6 

866051 

86 

6 

869584 

85 

6 

878088 

85 

7 

862549 

42 

7 

866110 

42 

7 

869642 

41 

7 

878146 

41 

8 

862608 

48 

8 

866169 

48 

8 

869701 

47 

8 

878204 

47 

0 

862668 

54 

9 

866228 

54 

9 

869760 

58 

9 

878262 

63 

7290 

862728 

7850 

866287 

7410 

869818 

7470 

978821 

1 

862787 

6 

1 

866846 

6 

1 

869877 

6 

1 

878879 

6 

2 

862847 

12 

2 

866405 

12 

2 

869985 

12 

2 

878487 

12 

S 

862906 

18 

8 

866465 

18 

8 

869994 

18 

8 

878495 

18 

4 

862966 

24 

4 

866524 

24 

4 

870058 

24 

4 

878553 

23 

6 

868025 

30 

5 

866588 

80 

5 

870111 

29 

5 

878611 

29 

6 

868085 

86 

6 

866642 

85 

6 

870170 

35 

6 

873669 

85 

7 

868144 

42 

7 

866701 

41 

7 

870228 

41 

7 

873727 

41 

8 

868204 

48 

8 

866760 

47 

8 

870287  47 

8 

878786 

47 

d 

868268 

54 

9 

866819 

68 

9 

870845  58 

9 

878844 

68 

80 


lOQAxauuB  or  mukbbbs. 


Ha. 

i^ 

Prop. 
But. 

Ho. 

i^- 

[St 

Ho. 

l-» 

JK 

No. 

^     \fSt 

7480 

878902 

7540 

877871 

7600 

880614 

7660 

884229 

1 

8789ti0 

6 

1 

877429 

6 

1 

880871 

6 

1 

884285 

6 

2 

874018 

12 

2 

877486 

12 

2 

880928 

11 

2 

884842 

11 

8 

874076 

17 

8 

877544 

17 

8 

880986 

17 

3 

884899 

17 

4 

874184 

28 

4 

877602 

28 

4 

881042 

28 

4 

884456 

28 

6 

874192 

29 

6 

877669 

29 

6 

881099 

28 

6 

884512 

28 

6 

874260 

85 

6 

877717 

84 

6 

881166 

84 

6 

884569 

84 

7 

874808 

41 

7 

877774 

40 

7 

881218 

40 

7 

884625 

40 

8 

874866 

46 

8 

877882 

46 

8 

881270 

46 

8 

884682 

46 

9 

874424 

62 

9 

877889 

52 

9 

881328 

51 

9 

884789 

51 

7490 

874482 

7660 

877947 

7610 

881885 

76t0 

884796, 

1 

874640 

6 

1 

878004 

6 

1 

881442 

6 

1 

884852 

6 

2 

874698 

12 

2 

878062 

12 

2 

881499 

11 

2 

884909 

11 

8 

874666 

17 

8 

878119 

17 

8 

881556 

17 

8 

884966 

17 

4 

874714 

28 

4 

878177 

28 

4 

881618 

28 

4 

886022 

28 

6 

874772 

29 

6 

878234 

29 

5 

881670 

28 

6 

885078 

28 

6 

874880 

85 

6 

878292 

84 

6 

881727 

84 

6 

886185 

84 

7 

874887 

41 

7 

878849 

40 

7 

881784 

40 

7 

885192 

40 

8 

874946 

46 

8 

878407 

46 

8 

881841 

46 

8 

885248 

46 

9 

876008 

62 

9 

878464 

52 

9 

861898 

51 

9 

885806 

51 

7600 

876061 

7660 

878622 

7620 

881956 

7680 

886861 

1 

876119 

6 

1 

878579 

6 

1 

882012 

6 

1 

885418 

6 

2 

876177 

12 

2 

878687 

12 

2 

882069 

11 

2 1 885474 

11 

8 

876286 

17 

8 

878694 

17 

8 

882126 

17 

8 {885631 

17 

4 

876298 

28 

4 

878761 

28 

4 

882188 

23 

4  885587 

28 

5 

876861 

29 

5 

878809 

29 

5  882240 

28 

6!  885644 

28 

6 

876409 

85 

6 

878866 

84 

6 

882297 

84 

6  886700 

34 

7 

876466 

41 

7 

878924 

40 

7 

882854 

40 

7  i  885767 

89 

8 

875624 

46 

8 

878981 

46 

8 

882411 

46 

8 , 885818 

45 

9 

875582 

62. 

9 

879088 

52 

9 

882468 

51 

9 ! 885870 

51 

7510 

876640 

7570 

879096 

7630 

882624 

7690  885926 

1 

876698 

6 

1 

879158 

6 

1 

882581 

6 

1 

885988 

6 

2 

876766 

12 

2 

879211 

12 

2 

882688 

11 

2 

886089 

11 

8 

876818 

17 

3 

879268 

17 

8 

882696 

17 

8 

886096 

17 

4 

876871 

28 

4 

879825 

28 

4 

882752 

28 

4 

886152 

23 

6 

876929 

29 

5 

879888 

29 

5 

882809 

28 

6 

886209 

28 

6 

875987 

85 

6 

879440 

84 

6 

882866 

84 

6 

886265 

34 

7 

876046 

41 

7 

879497 

40 

7 

882928 

40 

7 

886821 

39 

8 

876102 

46 

8 

879655 

46 

8 

882980 

46 

8 

886878 

45 

9 

876160 

52 

9 

879612 

52 

9 

883087 

51 

9 

886484 

51 

7520 

876218 

7580 

879669 

7640 

888093 

7700 

886491 

1 

876276 

6 

1 

879726 

6 

1 

888150 

6 

1 

886547 

6 

2 

876888 

12 

2 

879784 

11 

2 

883207 

11 

2 

886604 

11 

8 

876891 

17 

3 

879841 

17 

8 

888264 

17 

8 

886660 

17 

4 

876449 

23 

4 

879898 

23 

4 

883821 

23 

4 

886716 

23 

5 

876607 

29 

6 

879956 

28 

6 

888877 

28 

6 

886778 

28 

6 

876564 

34 

6 

880018 

34 

6 

888484 

84 

6 

886829 

34 

7 

876622 

40 

7 

880070 

40 

7 

888491 

40 

7 

886886 

39 

8 

876680 

46 

8 

880127 

46 

8 

888648 

46 

8 

886942 

45 

9 

870737 

52 

9 

880186 

51 

9 

888605 

61 

9 

886998 

51 

7630 

876795 

7590 

880242 

7650 

888661 

7710 

887064 

1 

876858 

6 

1 

880299 

6 

1 

888718 

6 

1 

887111 

6 

2 

876910 

12 

2 

880356 

11 

2 

888775 

11 

2 

887167 

11 

8 

876968 

17 

8 

880418 

17 

3 

888882 

17 

8 

887228 

17 

4 

877026 

23 

4 

880471 

28 

4 

888888 

28 

4 

887280 

23 

6 

877088 

29 

5 

880628 

28 

6 

888946 

28 

5 

887886 

28 

6 

877141 

34 

6  880585 

34 

6 

884002 

34 

6 

887892 

34 

7 

877198 

40 

7 ! 880642 

40 

7 

884069 

40 

7 

887449 

89 

8 

877256 

46 

8  880699 

46 

8 

884115 

46 

8 

887505 

45 

9 

877814 

62 

9  880756 

61 

9 

884172 

51 

9 

887561 

51 

LoaAKrrHUfi  of  humbus. 


81 


No. 

Lot. 

Kf; 

Ro. 

Lot. 

ax- 

Ko. 

i*f 

SX: 

No. 

Lot. 

^rop. 
Part. 

7720 

887617 

7780 

890980 

7840 

894816 

7900 

B97627 

1 

887674 

6 

1 

891086 

6 

1 

894871 

6 

1 

897682 

6 

2 

887780 

11 

2 

891091 

11 

2 

894427 

11 

2 

897787 

11 

8 

887786 

17 

8 

891147 

17 

8 

894482 

17 

8 

897792 

17 

4 

887842 

28 

4 

891208 

22 

4 

894688 

22 

4 

897847 

22 

6 

887898 

28 

6 

891269 

28 

6 

894698 

27 

6 

897902 

27 

6 

887966 

84 

6 

891814 

84 

6 

894648 

83 

6 

897957 

33 

7 

888011 

89 

'   7 

891870 

89 

7 

894704 

89 

7 

898012 

39 

8 

888067 

46 

8 

891420 

46 

6 

894769 

44 

8 

898067 

44 

9 

888128 

61 

9 

891482 

60 

9 

894814 

60 

9 

898122 

60 

7780 

888179 

7790 

891687 

7860 

894870 

7910 

898176 

1 

888286 

6 

1 

891693 

6 

1 

894925 

6 

1 

898281 

6 

2 

888292 

11 

2 

891649 

11 

2 

894980 

11 

2 

898286 

11 

8 

888848 

17 

8 

891706 

17 

8 

895086 

17 

8 

896841 

17 

4 

888404 

22 

4 

891760 

22 

4 

896091 

22 

4 

898896 

22 

6 

888460 

28 

6 

891816 

28 

6 

896146 

27 

5 

808461 

27 

6 

888616 

84 

6 

891872 

88 

6 

896201 

88 

6 

898606 

38 

7 

888673 

89 

7 

891928 

89 

7 

896267 

89 

7 

898661 

39 

8 

888029 

46 

8 

891988 

44 

8 

896812 

44 

8 

898616 

44 

9 

888686 

60 

9 

892089 

60 

9 

896867 

50 

9 

898670 

50 

7740 

888741 

7800 

892096 

7860 

895428 

7920 

898726 

1 

888797 

6 

1 

892160 

6 

1 

895478 

6 

1 

898780 

6 

2 

888868 

11 

2 

892206 

11 

2 

895683 

11 

2 

898886 

11 

8 

888909 
888965 

17 

8 

892262 

17 

8 

896688 

17 

8 

898890 

17 

4 

22 

4 

892817 

22 

4 

895648 

22 

4 

898944 

22 

6 

889021 

28 

6 

892873 

28 

6 

895699 

27 

5 

898999 

27 

6 

889077 

84 

6 

892429 

88 

6 

896764 

88 

6 

899054 

88 

7 

889184 

89 

7 

892484 

89 

7 

895809 

89 

7 

899109 

88 

8 

889190 

46 

8 

892640 

44 

8 

896864 

44 

8 

899164 

44 

9 

889246 

60 

9 

892696 

60 

9 

896920 

60 

9 

899218 

60 

7750 

889802 

7810 

892661 

7870 

895976 

7980 

899278 

1 

889368 

6 

1 

892707 

6 

1 

896080 

6 

1 

899828 

5 

2 

889414 

11 

2 

892762 

11 

2 

896085 

11 

2 

899883 

11 

8 

889470 

17 

8 

892818 

17 

8 

896140 

17 

8 

899487 

17 

4 

889626 

22 

4 

892873 

22 

4 

890196 

22 

4 

899492 

22. 

6 

889582 

28 

6 

892929 

28 

6 

890261 

27 

6 

899647 

27 

6 

889688 

84 

6 

892986 

83 

6 

896806 

83 

6 

899602 

88 

7 

889694 

39 

7 

893040 

89 

7 

896861 

89 

7 

899656 

88 

8 

889760 

46 

8 

898096 

44 

8 

896416 

44 

8 

899711 

44 

9 

889806 

60 

9 

898161 

60 

9 

896471 

60 

9 

899766 

60 

7760 

889862 

7820 

898207 

7880 

896526 

7940 

890820 

1 

889918 

6 

1 

898262 

6 

1 

896581 

6 

1 

899876 

5 

2 

889974 

11 

2 

898818 

11 

2 

896686 

11 

2 

899980 

11 

8 

890080 

17 

8 

898878 

17 

3 

896692 

17 

8 

899986 

17 

4 

890086 

22 

4 

898429 

22 

4 

896747 

22 

4 

900089 

22 

6 

890141 

28 

6 

898484 

28 

6 

896802 

27 

5 

900004 

27 

0 

890197 

84 

6 

898640 

88 

6 

896867 

88 

6 

900149 

38 

"7 

890263 

89 

7 

898696 

89 

7 

896912 

89 

7 

900208 

88 

8 

890809 

46 

8 

898661 

44 

8 

896967 

44 

8 

900258 

44 

9 

890366 

60 

9 

898706 

60 

9 

897022 

60 

9 

900812 

50 

7770 

890421 

7880 

898762 

7890 

897077 

7960 

900867 

1 

890477 

6 

1 

898817 

6 

1 

897182 

6 

1 

900422 

6 

2 

890638 

11 

2 

893878 

11 

2 

897187 

11 

2 

900476 

11 

8 

890689 

17 

8 

898928 

17 

8 

897242 

17 

8 

900681 

17 

4 

890644 

22 

4 

898984 

22 

4 

897297 

22 

4 

900686 

22 

6 ,  890700 

28 

6 

894039 

28 

6 

897362 

27 

6 

900640 

27 

6 

890766 

34 

6 

894094 

88 

6 

897407 

88 

6 

900696 

88 

7 

890812 

89 

7 

894160 

89 

7 

897462 

89 

7 

900749 

88 

8 

890868 

46 

8 

894206 

44 

8 

897617 

44 

8 

900804 

44 

9 

890924 

60 

9 

894261 

60 

9 

897572 

60 

0 

900668 

60 

EOaARITHMS  OF  NUMBBB6. 


No. 

i^ 

Prop. 
Part. 

Ko. 

i*». 

Prop. 

PArt. 

No. 

i^ 

Patu 

No. 

Ii»S. 

5? 

7960 

900913 

8020 

904174 

8080 

907411 

8140 

1 
910624  ' 

1 

900968 

6 

1 

904228 

6 

1 

907465 

6 

1 

91067»   5 

2 

901022 

11 

2 

904283 

11 

2 

907519 

11 

2 

910731   11 

8 

901077 

16 

8 

904387 

16 

8 

907673 

16 

3 

91U784  16 

4 

901131 

22 

4 

904891 

22 

4 

907626 

22 

4 

910838  21 

6 

901186 

27 

6 

904445 

27 

6 

907680 

27 

5 

910891  27 

6 

901240 

33 

6 

904499 

82 

6 

907734 

82 

6 

910944  32  : 

7 

901295 

38 

7 

904553 

38 

7 

907787 

88 

7 

910998,  37  i 

8 

901 d49 

44 

8 

904607 

43 

8 

907841 

43 

8 

9U061 

4Z 

0 

901404 

49 

9 

904661 

49 

9 

907895 

49 

9 

'911104 

^ 

7970 

901468 

8080 

904716 

8090 

907948 

8160 

911158 

1 

901513 

5 

1 

904770 

5 

1 

908002 

6 

1 

911211 

5 

2 

901667 

11 

2 

904824 

11 

2 

908056 

11 

2 

911204,  11  i 

3 

901622 

16 

3 

904878 

16 

8 

908109 

16 

8 

911317 

16 

4 

901676 

22 

4 

904982 

22 

4 

908163 

22 

4 

911371 

21 

6 

901731 

27 

6 

904986 

27 

6 

908217 

27 

5 

911424 

27 

6 

901785 

33 

6 

905040 

32 

6 

908270 

82 

6 

911477 

82  > 

7 

901840 

38 

7 

905094 

88 

7 

908324 

88 

7 

911630 

-37  1 

8 

901894 

44 

8 

905148 

43 

8 

908878 

43 

8 

911584'  42  1 

9 

901948 

49 

9 

905202 

49 

9 

908431 

49 

9 

911637 

48 

7980 

902003 

8010 

905266 

8100 

908485 

8160 

911690 

1 

902067 

5 

1 

905310 

6 

1 

908689 

6 

1 

911743 

5 

2 

902U2 

11 

2 

906364 

11 

2 

908592 

11 

2 

911797 

11 

8 

902166 

16 

8 

905418 

16 

8 

908646 

16 

8 

911850 

16 

4 

902221 

22 

4 

905472 

22 

4 

908699 

21 

4 

911903^  21 

6 

902275 

27 

6 

906526 

27 

6 

908753 

27 

6 

91195b 

27  ■ 

6 

902329 

33 

6 

905680 

32. 

6 

908807 

32 

6 

912009 

32 

7 

902384 

88 

7 

905634 

88 

7 

908860 

37 

7 

912063 

37 

8 

902438 

44 

8 

906688 

43 

8 

908914 

48 

8 

912116 

42 

9 

902492 

49 

9 

905742 

49 

9 

908967 

48 

9 

912169 

48 

7990 

902647 

8050 

905796 

8110 

909021 

8170 

912222 

1 

902601 

6 

1 

905850 

6 

1 

909074 

6 

1 

912275 

6 

2 

902665 

11 

2 

906904 

11 

2 

909128 

11 

2 

912328 

11 

3 

902710 

16 

8 

006968 

16 

3 

909181 

16 

8 

912381 

16 

4 

902764 

22 

4 

906012 

22 

4 

909285 

21 

4 

912435 

21 

6 

902818 

27 

5 

906065 

27 

5 

909288 

27 

6 

912488 

27 

6 

902873 

83 

6 

906119 

32 

6 

909342 

82 

6 

912541 

32 

7 

902927 

38 

7 

906173 

88 

7 

909395 

87 

7 

912594 

37 

8 

902981 

44 

8 

906227 

48 

8 

909449 

48 

8 

912647 

42 

9 

903036 

49 

9 

906281 

49 

9 

909502 

48 

9 

912700 

48 

8000 

903090 

8060 

906886 

8120 

909656 

8180 

912763 

1 

903144 

5 

1 

906889 

6 

1 

909609 

5 

1 

912806 

6 

2 

903198 

11 

2 

906443 

11 

2 

909668 

11 

2 

912859 

11 

8 

903263 

16 

8 

906497 

16 

3 

909716 

16 

8 

912913 

16 

4 

903807 

22 

4 

906660 

22 

4 

909770 

21 

4 

912966 

21 

6 

903361 

27 

6 

906604 

27 

6 

909828 

27 

6 

913019 

27 

6 

903416 

32 

6 

906668 

82 

6 

909877 

32 

G 

913072 

82 

7 

903470 

88 

7 

906712 

88 

7 

909980 

87 

7 

913125 

87 

8 

903524 

48 

8 

906766 

48 

8 

909984 

48 

8 

918178 

42 

9 

903678 

49 

9 

906820 

49 

9 

910087 

48 

9 

918231 

48 

8010 

908632 

8070 

906873 

8130 

910090 

8190 

918284 

1 

903687 

5 

1 

906927 

6 

1 

910144 

5 

1 

913337 

6 

2 

903741 

11 

2 

906981 

11 

2 

910197 

11 

2 

913390 

11 

8 

903796 

16 

8 

907035 

16 

8 

910251 

16 

8 

918443 

16 

4 

903849 

22 

4 

907089 

22 

4 

910804 

21 

4 

913496 

21 

6 

908903 

27 

6 

907142 

27 

6 

910368 

27 

6 

913549 

27 

6 

908968 

82 

6 

907196 

82 

6 

910411 

32 

6 

913602 

82 

7 

904012 

88 

7 

907250 

88 

7 

910464 

37 

7 

913656 

87 

8 

904066 

43 

8 

907304 

43 

8 

910518 

48 

8 

913708 

42 

9 

904120 

49 

9 

907868 

49 

9 

910571 

48 

9 

918761 

48 

LOeAEITHMB  07  1IU1IBEB8. 


Ho. 

i«f. 

Prop. 

PWi. 

Ko. 

i-f. 

^o^ 

Fart. 

No. 

Log. 

Prop. 
Part, 

Ko. 

hot. 

Pro^ 
Ptet. 

8200 

918814 

8260 

916980 

8820 

920128 

8880 

928244 

1 

918867 

6 

1 

917083 

6 

1 

920176 

6 

1 

928296 

6 

2 

918920 

11 

2 

917086 

11 

2 

920228 

10 

2 

928848 

10 

8 

913978 

16 

8 

917188 

16 

8 

920280 

16 

8 

928399 

16 

4 

914026 

21 

4 

917190 

21 

4 

920882 

21 

4 

923451 

21 

5 

914079 

27 

6 

917248 

26 

6 

920884 

26 

6 

928508 

26 

6 

914181 

82 

6 

917296 

81 

6 

920486 

81 

6  i  028555 

81 

7 

914184 

87 

7 

917848 

87 

7 

920489 

36 

7 

928607 

36 

8 

914287 

42 

8 

917400 

42 

8^ 

920641 

42 

8 

928658 

42 

9 

914290 

48 

9 

917468 

47 

9 

920698 

47 

9 

928710 

47 

8210 

914848 

8270 

917605 

8380 

920646 

8890 

923762 

1 

914896 

6 

1 

917668 

6 

1 

920697 

6 

1 

928814 

6 

2 

914449 

11 

2 

917610 

11 

2 

920749 

10 

2 

928866 

10 

8 

914602 

16 

8 

917668 

16 

8 

920801 

16 

8 

928917 

16 

4 

914666 

21 

4 

917716 

21 

4 

920858 

21 

4 

928969 

21 

6 

914608 

27 

6 

917768 

26 

6 

920906 

26 

6 

924021 

26 

6 

914660 

82 

6 

917820 

81 

6 

920968 

81 

6 

924072 

81 

7 

914718 

87 

7 

917878 

87 

7 

921010 

86 

7 

924124 

86 

8 

914766 

42 

8 

917926 

42 

8 

921062 

42 

8 

924176 

42 

9 

914819 

48 

9 

917978 

47 

9 

921114 

47 

9 

924228 

47 

8220 

914872 

8280 

918080 

8840 

921166 

8400 

924279 

. 

1 

914926 

6 

1 

918088 

6 

1 

921218 

6 

1 

924881 

6 

2 

914977 

11 

2 

918186 

11 

2 

921270 

10 

2 

924888 

10 

8 

916080 

16 

8 

918188 

16 

8 

921822 

16 

8 

924434 

16 

4 

916088 

21 

4 

918240 

21 

4 

921874 

21 

4 

924486 

21 

6 

916186 

27 

6 

918292 

26 

6 

921426 

26 

6 

924688 

26 

6 

916189 

82 

6 

918345 

81 

6 

921478 

81 

6 

924589 

81 

7 

916241 

87 

7 

918397 

87 

7 

921680 

86 

7 

924641 

36 

8 

916294 

42 

8 

918460 

42 

8 

921682 

42 

8 

924698 

41 

9 

916847 

48 

9 

918602 

47 

9 

921684 

47 

9 

924744 

46 

8280 

916400 

8290 

918666 

8360 

921686 

8410 

924796 

1 

916468 

6 

1 

918607 

6 

1 

921788 

5 

1 

924848 

6 

2 

916606 

11 

2 

918669^ 

11 

2 

921790 

10 

2 

924899 

10 

8 

916668 

16 

8 

918712 

16 

8 

921842 

16 

8 

924961 

16 

4 

916611 

21 

4 

918764 

21 

4 

921894 

21 

4 

926002 

21 

5 

916664 

27 

6 

918816 

26 

6 

921946 

26 

6 

926054 

26 

6 

916716 

82 

6 

918869 

81 

6 

921998 

81 

6 

926106 

81 

7 

916769 

87 

7 

918921 

87 

7 

922050 

86 

7 

926167 

86 

8 

916822 

42 

8 

918973 

42 

8 

922102 

42 

8 

926209 

41 

9 

916874 

48 

9 

919026 

47 

9 

922154 

47 

9 

926260 

46 

8240 

916927 

8800 

919078 

8360 

922206 

8420 

926812 

1 

916980 

6 

1 

919180 

6 

1 

922268 

6 

1 

926864 

6 

2 

916088 

11 

2 

919188 

11 

2 

922810 

10 

2 

926416 

10 

8 

916086 

16 

8 

919286 

16 

8 

922862 

16 

8 

926467 

16 

4 

916188 

21 

4 

919287 

21 

4 

922414 

21 

4 

926618 

21 

6 

916191 

27 

6 

919840 

26 

6 

9224G6 

26 

6 

926570 

26 

6 

916243 

82 

6 

919392 

81 

6 

922618 

81 

6 

926621 

31 

7 

916296 

87 

7 

919444 

87 

7 

922570 

86 

7 

926678 

36 

8 

916849 

42 

8 

919496 

42 

8 

922622 

42 

8 

926724 

41 

9 

916401 

48 

9 

919649 

47 

9 

922674 

47 

9 

926776 

46 

8260 

916464 

8810 

919601 

8870 

922726 

8480 

926828 

1 

916607 

6 

1 

910668 

6 

1 

922777 

5 

1 

926879 

5 

2 

916659 

11 

2 

919706 

11 

2 

922829 

10 

2 

926981 

10 

8 

916612 

16 

8 

919768 

16 

8 

922881 

16 

8 

926982 

15 

4 

916664 

21 

4 

919810 

21 

4 

922988 

21 

4 

926034 

21 

6 

916717 

26 

6 

919862 

26 

6 

922986 

26 

5 

926085 

26 

6 

916770 

81 

6 

919914 

81 

6 

928087 

31 

6 

926187 

81 

7 

916822 

87 

7 

919967 

87 

7 

928088 

86 

7 

926188 

86 

8 

916876 

42 

8 

920019 

42 

8 

928140 

42 

8 

926289 

41 

9 

916927 

47 

9 

920071 

47 

9 

928192 

47 

9 

926291 

46 

34 


jMMA&rrHMs  or  sumbibs. 


n^          Lac 

5K 

Ko. 

l^ 

Pro^ 

H*. 

l^ 

rSt' 

Is. 

i^ 

5S 

I  8440,926842 

8500 

920419 

8560 

982474 

8620 

986607 

1  1 926894 

5 

1 

929470 

5  • 

1 

982624 

6 

1   1 

935658 

5 

i    2 • 926445 

10 

i   2 

929521 

10  , 

2 

982576 

10 

i   2 

985608 

10 

1    8  926497 

15 

1   S 

929572 

15 

!   8 

982626 

15 

1   8; 985658 

15 

4 .  926548 

21 

;    4 

929623 

20 

i   4 

932677 

20 

1   4 1  935709 

2) 

6  926600 

26 

5 

929674 

26  : 

6 

932727 

26 

!   6 {985759 

25 

6 . 926651 

81 

6 

929725 

81 

6 

932778 

80 

1   6 

936809 

30 

7  926702 

86 

7 

929776 

86 

7 

932829 

85 

!   7 

935860 

85 

8  926754 

41 

8 

929827 

41  ! 

8 

982879 

40 

!   8 

936910 

40 

9!  926805 

46 

9 

929878 

46 

9 

982980 

45 

9 

935960 

45 

8150 '  926857 

8510 

929980 

8570 

932981 

8630 

936011 

1    1  i  926908 

5 

1 

929981 

5  ; 

1 

933081 

6 

1 

986061 

6 

1    2  926959 

10  1 

2 

980082 

10  1 

2 

988082 

10 

2 

936111 j  10 

;    8  927011 

15 

8 

4 
5 

930063 

15 

8 

983183 

16  ' 

8 

986162  15 

4 '927062 

21 

980184 

20 

4 

988183 

20  . 

:    4 

9862121  20 

5  927114 

26 

980185 

26 

6 

933284 

26  . 

5 

986262  25 

6 i 927165 

81  i 

6 

930286 

81 

6 

983285 

80 

6 

936813  80  ; 

7  927216 

86  i 

7 

980287 

86 

7 

85 

7 

9863631  35 

'    8  i  927268 

41 

8 

930888 

41 

8 

988886 

40 

8 

986413;  40 

9.927819 

46 

9 

930889 

46 

9 

988487 

45 

9 

986468 

45 

;  8160  927870 

8520 

980440 

8580 

988487 

8640 

986514 

I    1 : 927422 

6  i 

1 

930491 

6 

1 

988688 

5 

1 

986564 

5 

i    2  927473 

10 

2 

930541 

10 

2 

988588 

10 

2 

936614 

10 

8  927524 

15 

8 

930692 

15 

8 

988689 

15 

8 

986664 

15 

4 ! 927576 

21 

4 

980643 

20 

4 

988690 

20 

4 

986715 

20 

6 ;  927627 

26 

5 

980694 

25 

5 

933740 

26 

6 

936765 

25 

6 !  927678 

81 

6 

930745 

81 

6 

983791 

80 

6 

936815 

80 

7  927780 

86 

7 

930796 

36 

7 

933841 

85 

7 

936865 

85 

8  i  927781 

41 

8 

980847 

41 

8 

983892 

40 

8 

936916  40  1 

9  927882 

46 

9 

980898 

46 

9 

988943 

45 

9.936966 

45 

'  8470!  927888 

8580)980949 

8590 1 988998 

8660 « 937016 

1  9279S5 

6 

1   11981000 

6 

1  984044 

6 

1  937066 

6 

2  927986 

10 

i   2!  981051 

10 

2  984094 

10 

2  987116 

10 

8-928087 

15 

1   81981102 

15 

8  984145 

15 

8  937167 

15 

4 .  928088 

21 

4 j 081158 

20 

4  984195 

20 

4.987217 

20 

6.928140 

26 

i   61981208 

25 

6  984246 

25 

6;9372S7;  25 

'    6.928191 

81 

•   6,981254 

81 

6  984296 

80 

6  987817  80 

7  928242 

86 

7:981805 

86 

7  984847 

86 

7.987867  85 

8  928298 

41 

8.981856 

41 

8  984897 

40 

8, 987418 j  40 

9  928845 

48 

9 .981407 

46 

9  ^^4448 

46 

9;937468;  45 

8480  928396 

8540;  981458 

8600  984498 

8660  987618 i 

1  928447 

6 

;   1  931509 

6 

1  984649 

6 

1  987668   6 

1    3  928198 

10 

2i981560 

10 

2  984699 

10 

2  987618  10 

8  928549 

15  1 

,   81981610 

15 

8. 984650 

15 

8  987668 »  15 

4.928<>01 

21 

J   41931661 

20 

4  984700 

20 

4  987718  20 

1    6  92St.52 

26 

2   61 931712 

25 

6  984751 

26 

6  987769  25 

6 . 928703 

81 

;   6:981768 

81 

6  984801 

80 

6 1 937819;  80 

7  .  928754 

t  ^ 

!   7  981814 

86 

7  984852 

86 

7  987869  85 

8.9288i\% 

'41 

:   8  931864 

41 

8  984902 

40 

8 1 987919  40 

9  9285v>6 

48 

\       9:981915 

46 

9  984968 

46 

9  987969;  45 

8490  928908 

8550  931966 

8610  985008 

8670  988019; 

I '928959 

8 

1  932017 

6 

1  985054 

6 

1  988069 1  6; 

2  929010 

10  i 

2  932068 

10 

2  986104 

10 

2|988119i  10  ; 

8  929061 

15 

8  932118 

15 

8  985164 

16 

8  988169.  15 

4  \>29112 

20 

1   4  932169 

;  20 

4  985205 

20 

4(938219  20 

5  in!9U^ 

•  26 

1   5  V«:V2ir20 

'   25 

6  985255  26 

61988269!  25  \ 

6  liJ9lM4 

.  31 

'   6  i»i227l 

30 

6  935806.  80 

6 

988819  30  j 

7  ^^ilY»^ 

1  36 

i   7  1*32.^21 

.  So 

7 

938370 

85  i 

1    8  92*517 

41 

,   8  i^^.:572 

,  « 

8  935406  40 

8 

938420 

40; 

9  92)k'^68 

46 

9  932428 

i  ^ 

9.935467  46 

9 

938470 

«l 

LOeABITHKS  0?  KUMBIBS. 


85 


Ho. 

i*f. 

S2- 

No. 

hog. 

at! 

Vo. 

1 

Prop. 
Part. 

No. 

Lof. 

SS: 

8680 

988520 

8740 

941611 

8800 

944488 

8860 

947434 

1 

988670 

5 

1 

941661 

6 

1 

944682 

6 

1 

947483 

6 

2 

988620 

10 

2 

941611 

10 

2 

944681 

10 

2 

947532 

10 

8 

988670 

16 

8 

941660 

16 

8 

944681 

16 

8 

947681 

15 

4 

988720 

20 

4 

941710 

20 

4 

944680 

20 

4 

947630 

20 

6 

988770 

25 

5 

941760 

26 

6 

944729 

26 

5 

947679 

25 

6 

988820 

80 

6 

941809 

80 

6 

944779 

80 

6 

947728 

29 

7 

988870 

85 

7 

941869 

85 

7 

944828 

85 

7 

947777 

84 

8 

988920 

40 

8 

941909 

40 

8 

944877 

40 

8 

947826 

89 

9 

988970 

45 

9 

941968 

45 

9 

944927 

46 

9 

947876 

44 

8600 

989020 

8760 

942008 

8810 

944976 

8870 

947924 

1 

989070 

6 

1 

942058 

6 

1 

946026 

6 

1 

947978 

6 

2 

989120 

10 

2 

942107 

10 

2 

946074 

10 

2 

948021 

10 

8 

989170 

15 

8 

942157 

16 

8 

945124 

16 

8 

948070 

15 

4 

989220 

20 

4 

942206 

20 

4 

945178 

20 

4 

948119 

20 

5 

989270 

25 

6 

942266 

25 

5 

946222 

26 

6 

948168 

25 

6 

989819 

80 

6 

942806 

80 

6 

946272 

80 

6 

948217 

29 

7 

989869 

86 

7 

942855 

35 

7 

946821 

86 

7 

948206 

84 

8 

989419 

40 

8 

9^406 

40 

8 

946870 

40 

8 

948816 

39 

9 

989469 

46 

9 

942454 

46 

9 

946419 

46 

9 

948864 

44 

8700 

989619 

8760 

942604 

8820 

946469 

8880 

948418 

1 

969669 

6 

1 

942664 

6 

1 

946618 

6 

1 

948462 

6 

2 

989619 

10 

2 

942608 

10 

2 

945667 

10 

2 

948511 

10 

8 

989669 

15 

8 

942668 

15 

8 

946616 

15 

8 

948560 

15 

4 

989719 

20 

4 

942702 

20 

4 

946665 

20 

4 

948608 

20 

6 

989769 

26 

6 

942752 

26 

6 

945715 

25 

6 

948657 

25 

6 

989819 

80 

6 

942801 

80 

6 

946764 

29 

6 

948706 

29 

7 

989868 

85 

7 

942851 

85 

7 

946813 

84 

7 

948766 

84 

8 

989918 

40 

8 

942900 

40 

8 

946862 

89 

8 

948804 

89 

9 

989968 

45 

9 

942950 

46 

9 

946911 

44 

9 

948853 

44 

8710 

940018 

8770 

948000 

8880 

946961 

8890 

948902 

1 

940068 

6 

1 

948049 

6 

1 

946010 

6 

1 

948961 

6 

2 

940118 

10 

2 

948099 

10 

2 

946059 

10 

2 

948999 

10 

8 

940168 

15 

8 

948148 

15 

8 

946108 

15 

8 

949048 

16 

4 

940218 

20 

4 

948198 

20 

4 

946167 

20 

4 

949097 

20 

6 

940267 

25 

5 

948247 

26 

6 

946207 

25 

6 

949146 

25 

6 

940817 

80 

6 

948297 

80 

6 

946256 

29 

6 

949195 

29 

7 

940667 

85 

7 

948846 

85 

7 

946805 

84 

7 

949244 

84 

8 

940417 

40 

8 

948896 

40 

8 

946854 

89 

8 

949292 

89 

9 

940467 

45 

9 

948445 

45 

9 

946408 

44 

9 

949841 

44 

8720 

940616 

8780 

948494 

8840 

946452 

8900 

949390 

1 

940666 

6 

1 

948644 

6 

1 

946601 

5 

1 

949439 

6 

2 

940616 

10 

2 

948698 

10 

2 

946550 

10 

2 

949488 

10 

^'940666 

16 

8 

948648 

15 

8 

946600 

15 

8 

949536 

16 

41940718 

20 

4 

943692 

20 

4 

946649 

20 

4 

949685 

20 

6 

940766 

25 

6 

948742 

25 

6 

946698 

26 

6 

949634 

26 

6 

940815 

80 

6 

948791 

80 

6 

946747 

29 

6 

949683 

29 

7 

940865 

35 

7 

948841 

85 

7 

946790 

84 

7 

949731 

34 

8 

940916 

40 

8 

948890 

40 

8 

946845 

89 

8 

949780 

39 

9 

940964 

45 

9 

948989 

46 

9 

946894 

44 

9 

949829 

44 

8780 

941014 

8790 

948989 

8860 

946943 

8910 

94987^ 

1 

941064 

6 

1 

944088 

6 

1 

946992 

6 

1 

949926 

6 

2 

941114 

10 

2 

944088 

10 

2 

947041 

10 

2 

949975 

10 

8 

941168 

16 

8 

944187 

15 

8 

947090 

15 

8 

960024 

16 

4I941218 

20 

4 

944186 

20 

4 

947139 

20 

4 

950078 

20 

6  941268 

26 

6 

944236 

26 

6 

947189 

25 

6 

960121 

26 

6 

941818 

80 

6 

944285 

80 

6 

947238 

29 

6 

960170 

29 

7 

941862 

85 

7 

944885 

85 

7 

947287 

84 

7 

950219 

84 

8 

941412 

40 

8 

944884 

40 

8 

947836 

89 

8  960267 

89 

9 

941462 

45 

9 

944438 

46 

» 

947886 

44 

9  950816 

44 

H 


86 


LOOABITHHS  OF  NUMBBB8. 


No. 

Log. 

Prop. 
Part. 

No. 

Lof. 

?st 

No. 

i-«. 

Prop. 
Ptet. 

Sou 

i-w- 

5R 

8920 

960865 

8980 

953276 

9040 

966168 

9100 

969041 

1 

960418 

6 

1 

953825 

5 

1 

956216 

5 

1 

959089 

5 

2 

960462 

10 

2 

958378 

10 

2 

956264 

10 

2 

959137 

10 

8 

950611 

15 

8 

958421 

16 

8 

956312 

14 

1   8 

9591B4 

14 

4 

950560 

19 

4 

953470 

19 

4 

956861 

19 

1   4 

959232 

19 

5 

960608 

24 

5 

958518 

24 

5 

956409 

24 

5 

969280 

24 

6 

960667 

29 

6 

968566 

29 

6 

956467 

29 

•   6 

959328 

29 

7 

950705 

84 

7 

958616 

84 

7 

956505 

84 

7 

959375 

34 

8 

950754 

39 

8 

968668 

89 

8 

966558 

38 

8 

969423 

88 

9 

960808 

44 

9 

958711 

44 

9 

956601 

43 

9 

959471 

43 

8980 

960851 

8990 

958760 

9060 

956649 

9110 

959518 

1 

950900 

6 

1 

958808 

5 

1 

956697 

5 

1 

969566 

5 

2 

950949 

10 

2 

953856 

10 

2 

956745 

10 

1   2 

959614 

10 

8 

950997 

15 

8 

958905 

16 

8 

956792 

14 

i      8 

959661 

14 

4 

951046 

19 

4 

953958 

19 

4 

956840 

19 

4 

969709 

19 

6 

951095 

24 

6 

954001 

24 

5 

956888 

24 

5 

959757 

24 

6 

951148 

29 

6 

954049 

29 

6 

956986 

29, 

6 

959804 !  29 

7 

951192 

84 

7 

954098 

84 

7 

956984 

84' 

7 

959852 !  34 

8 

951240 

89 

8 

954146 

89 

8 

957082 

88 

8 

959900 

38 

9 

951289 

44 

9 

954194 

44 

9 

957080 

48; 

9 

959947 

43 

8940 

951837 

9000 

954242 

9060 

957128 

1 

9120 

959995 

1 

951886 

5 

1 

954291 

5 

1 

957176 

5: 

1 

960042 

5 

2 

961485 

10 

2 

964339 

10 

2 

957224 

10  1 

2 

960090 

10 

8 

951483 

15 

8 

954887 

14 

8 

957272 

^*! 

3 

960138 

14 

4 

951632 

19 

4 

954485 

19 

4 

957320 

19  1 

4 

960ia5 

19  1 

5 

951580 

24 

5 

954484 

24 

5 

957368 

24 

5 

960233 

24 

6 

951629 

29 

6 

954532 

29 

6 

957416 

29 

6 

960280 

28 

7 

951677 

84 

7 

954680 

34 

7 

967464 

84 

7 

960328 

S3  ' 

8 

961726 

89 

8 

964628 

88 

8 

957611 

88 

8 

960376 

38 

9 

961774 

44 

9 

954677 

43 

9 

967559 

48 

9 

960423 

43 

8950 

961823 

9010 

954725 

9070 

957607 

1 

19180 

960471 

1 

961872 

6 

1 

964778 

5 

1 

957665 

5 

1 

960518 

5 

2 

961920 

10 

2 

954821 

10 

2 

967708 

10 

2 

960566 

10 

8 

951969 

15 

8 

954869 

14 

8 

957751 

14 

8 

960613 

14 

4 

952017 

19 

4 

954918 

19 

4 

957799 

19 

4 

960661 

19 

5 

952066 

24 

5 

954966 

24 

5 

957847 

24 

5 

960709 

24 

6 

952114 

29 

6 

956014 

29 

6 

957894 

1  29 

6 

960756 

28 

7 

952163 

84 

7 

955062 

84 

7 

957942 

84 

7 

960804 

33 

8 

952211 

89 

8 

955110 

88 

8 

9^7990 

88 

8 

960851 

88 

9 

952259 

44 

9 

955158 

48 

9 

958088 

48 

9 

960899 

43 

8960 

962308 

9020 

955206 

9080 

958086 

9140 

960946 

1 

962866 

5 

1 

955255 

6 

1 

958184 

5 

1 

960994 

5 

2 

952405 

10 

2 

955803 

10 

2 

958181 

10 

2 

961041 

10 

8 

952458 

15 

8 

955851 

14 

8 

958229 

14 

8 

961089. 

14 

4 

952502 

19 

4 

955899 

19 

4 

968277 

19 

4 

961186 

19 

5 

962550 

24 

5 

955447 

24 

5 

958826 

24 

5 

961184 

24 

6 

952599 

29 

6 

965495 

29 

6 

958378 

29 

6 

961281 

28 

7 

952647 

84 

7 

955548 

84 

7 

958420 

84 

7 

961279 

33 

8 

952696 

89 

8 

956592 

88 

8 

958468 

88 

8 

961326 

38 

9 

952744 

44 

9 

955640 

48 

9 

958516 

48 

9 

961874 

43 

8970 

952792 

9080 

955688 

9090 

958564 

9150 

961421 

1 

952841 

6 

1 

966736 

6 

1 

958612 

5 

1 

961469 

^  ! 

2 

952889 

10 

2 

955784 

10 

2 

958669 

10 

2 

961516 

10  1 

8 

952988 

15 

8 

965832 

14 

8 

968707 

14 

8 

961563 

14 : 

4 

952986 

19 

4 

956880 

19 

4 

958765 

19 

4 

961611 

19  : 

6 

958034 

24 

5 

955928 

24 

5 

958808 

24 

6 

961658 

24 

6 

953083 

29 

6 

955976 

29 

6 

958850 

29 

6 

961706 

28 

7 

958181 

84 

7 

956024 

84 

7 

958898 

84 

7 

961753 

38 

8 

963180 

89 

8 

966072 

88 

8 

958946 

88 

8 

961801 

38 

9 

953228 

44 

9 

966120 

48 

9 

958994 

43 

9 

961848 

43 

LOaABITHMS  OF  NUMBIBS. 
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No. 

Lofr' 

^l 

No. 

Log. 

SS: 

No. 

Log. 

sx- 

No. 

Lof. 

Prop. 
Fart. 

9160 

961896 

9220 

964781 

9280 

967648 

9340 

970347 

1 

961943 

6 

1 

964778 

6 

1 

967596 

5 

1 

970393 

5 

2 

961990 

10 

2 

964826 

9 

2 

967642 

9 

2 

970440 

9 

8 

962038 

14 

8 

964872 

14 

8 

967688 

14 

8 

970486 

14 

4 

962086 

19 

4 

964919 

19 

4 

967736 

19 

4 

970533 

19 

5 

962182 

24 

5 

964966 

24 

6 

967782 

23 

6 

970679 

23 

6 

962180 

28 

6 

965013 

28 

6 

967829 

28 

6 

970626 

28 

7 

962227 

88 

7 

966060 

88 

7 

967876 

83 

7 

970672 

83 

8 

962275 

88 

8 

966108 

88 

8 

967922 

38 

8 

970719 

87 

9 

962322 

48 

9 

966166 

42 

9 

967969 

42 

9 

970766 

42 

9170 

962369 

9280 

966202 

9290 

968016 

9360 

970812 

1 

962417 

6 

1 

965249 

5 

1 

968062 

6 

1 

970858 

6 

2 

962464 

9 

2 

966296 

9 

2 

968109 

9 

2 

970904 

9 

8 

962611 

14 

3 

906843 

14 

8 

968156 

14 

8 

970951 

14 

4 

962569 

19 

4 

965390 

19 

4 

968203 

19 

4 

970997 

19 

5 

962606 

24 

6 

966437 

24 

6 

968249 

23 

6 

971044 

23 

6 

962663 

28 

6 

965484 

28 

6 

968296 

28 

6 

971090 

28 

7 

962701 

88 

7 

965531 

83 

7 

968343 

88 

7 

971137 

38 

8 

962748 

38 

8 

965578 

88 

8 

968389 

88 

8 

971183 

87 

9 

962796 

42 

9 

965626 

42 

9 

968486 

42 

9 

971229 

42 

9180 

962848 

9240 

966672 

9300 

968483 

9860 

971276 

1 

962890 

5 

1 

965719 

6 

1 

968530 

5 

1 

971322 

6 

2 

962937 

9 

2 

966766 

9 

2 

968576 

9 

2 

971369 

9 

8 

962986 

14 

3 

966813 

14 

8 

968623 

14 

8 

971416 

14 

4 

963032 

19 

4 

965860 

19 

4 

968670 

19 

4 

971461 

19 

6 

963079 

24 

6 

965907 

24 

6 

968716 

28 

6 

971508 

23 

6 

963126 

28 

6 

965954 

28 

6 

968763 

28 

6 

971564 

28 

7 

963174 

38 

7 

966001 

88 

7 

968810 

88 

7 

971600 

38 

8 

963221 

38 

8 

966048 

38 

8 

968856 

87 

8 

971647 

87 

9 

963268 

42 

9 

966096 

42 

9 

968903 

42 

9 

971693 

42 

9190 

963316 

9260 

966142 

9310  968950 

9370 

971740 

1 

963863 

5 

1 

966189 

6 

1 , 968996 

6 

1 

971786 

6 

2 

963410 

9 

2 

966236 

9 

2  969043 

9 

2 

971832 

9 

8 

963457 

14 

3 

966283 

14  ' 

8  969090 

14 

8 

971879 

14 

4 

963504 

19 

4 

966329 

19  1 

4  969136 

19 

4 

971925 

19 

6 

963652 

24 

6 

966376 

24  i 

6  969188 

23 

6 

971971 

23 

6 

963699 

28 

6 

966423 

28  , 

6  969229 

28 

6 

972018 

28 

7 

963646 

38 

7 

966470 

38  1 

7  969276 

83 

7 

972064 

33 

8 

963693 

38 

8 

966517 

38  ' 

8  969323 

87 

8 

972110 

37 

9 

963741 

42 

9 

966564 

42 

9  969869 

42 

9 

972156 

42 

Q200 

963788 

9260 

966611 

9820 

969416 

9380 

972203 

1 

963836 

6 

1 

966658 

6 

1 

969462 

5 

1 

972249 

5 

2 

9G8«82 

9 

2 

966705 

9  1 

2 

969509 

9 

2 

972295 

9 

8 

968929 

14 

3 

966752 

14 

8 

969556 

14 

8 

972342 

14 

4 

963977 

19 

4 

966798 

19 

4 

969602 

19 

4 

972388 

18 

6 

964024 

24 

6 

966846 

24 

6 

969649 

23 

6 

972434 

23 

6 

964071 

28 

6 

966892 

28 

6 

969696 

28 

6 

972480 

28 

7 

964118 

88 

7 

966939 

83 

7 

969742 

38 

7 

972527 

82 

8 

964166 

38 

8 

966986 

88 

8 

969788 

87 

8 

972673 

87 

9 

964212 

42 

9 

967033 

42 

9 

969835 

42 

9 

972619 

41 

9210 

964260 

9270 

967080 

9880 

969882 

9890 

972666 

1 

964307 

6 

1 

967127 

6 

1 

969928 

6 

1 

972712 

6 

2 

964364 

9 

2 

967173 

9 

2 

969976 

9 

2 

972768 

9 

8 

964401 

14 

8 

967220 

14 

8 

970021 

14 

8 

972804 

14 

4 

964448 

19 

4 

967267 

19 

4 

970068 

19 

4 

972861 

18 

6 

964496 

24 

5 

967814 

24 

6 

970114 

28 

6 

972897 

23 

6 

964642 

28 

6 

967361 

28 

6 

970161 

28 

6 

972943 

28 

7 

964690 

83 

7 

967408 

83 

7 

970207 

83 

7 

972989 

32 

8 

964637 

88 

8 

967464 

88 

8 

970254 

87 

8 

978036 

37 

9 

964684 

42 

9 

967501 

42 

9 

970800 

42 

9 

978082 

41 

S8 


lOeAKITHMS  or  K0KBKB8. 


No. 

^ 

SS 

No. 

i^ 

KS 

No. 

Z«» 

Jrop, 
Pwc 

N^ 

l-». 

Part. 

9400 

978128 

9460 

976891 

9620 

978687 

9680 

981865 

1 ! 973174 

6 

1 

976987 

6. 

1 

978688 

6 

1 

981411 

6 

2 1 978220 

9 

2 

975988 

9 

2 

978728 

9 

2 

981456 

9 

8 ' 978266 

14 

8 

976029 

14 

8 

978774 

14 

8 

981501 

14 

4  973313 

18 

4 

976076 

18 

4 

978819 

18 

4 

981547 

18 

6 ! 973859 

28 

6 

976121 

28 

6 

978866 

28 

6 

981592 

23 

6  978405 

28 

6 

976166 

28 

6 

978911 

27 

6  981637 

27 

7  :  973461 

82 

7 

976212 

82 

7 

978956 

82 

7  981688 

32 

8  i  973497 

87 

8 

976258 

87 

8 

979002 

86 

8  981728 

36 

9 1 978543 

41 

9 

976304 

41 

9 

979047 

41 

9  981773 

41 

9410  1  973590 

9470 

976850 

9680 

979093 

9690  981819 

1  1 973636 

6 

1 

976396 

6 

1 

979188 

6 

1  981864 

5 

2  !  973682 

9 

2 

976442 

9 

2 

979184 

9 

2  981909 

9 

8 1 973728 

14  1 

8 

976487 

14 

8 

979280 

14 

8  981964 

14 

4  1  973774 

18 

4 

976538 

18 

4 

979275 

18 

4  982000 

18 

5  '  973820 

28 

6 

976579 

28 

6 

979821 

28 

6  982045 

23 

6  973866 

28 

6 

976625 

28 

6 

979866 

27 

6  982090'  27 

7  978918 

82 

7 

976671 

82 

7 

979412 

82 

7  9821351  32 

8  973959 

37 

8 

976717 

87 

8 

979457 

36 

8  982181 1  36 

9  974005 

41 

9 

976762 

41 

9 

979508 

41 

9  I  982226 

41 

9420  974051 

9480 

976808 

9640 

979548 

9600  j  982271 

1  1 974097 

6 

1 

976864 

5 

1 

979594 

6 

1 1  982316 

6 

2  974148 

9 

2 

976900 

9 

2 

979689 

9 

2  1  982362 

9 

8  '  974189 

14 

8 

976946 

14 

8 

979685 

14 

8  ;  982407  14  I 

4 1 974235 

18 

4 

976991 

18 

4  979730 

18 

4 

982452'  18 

5 '  974281 

23 

6 

977087 

28 

5  979776 

23 

6 

982497 1  23 

6 1 974327 

28 

& 

977083 

27 

6 

979821 

27 

6 

982543 1  27 

7 ' 974373 

82 

7 

977129 

82 

7 

979867 

82 

7 

982588:  82 

8  !  974420 

87 

8 

977175 

87 

8 

979912 

86 

8 

982683  86 

9  974466 

41 

9 

977220 

41 

9 

979958 

41 

9 

982678 

41 

9430  974512 

9490 

977266 

9550 

980003 

9610 

982723 

1  1 974558 

6 

1 

977312 

5 

1 

980019 

5 

1 

982769 

5 

2  1  974604 

9 

2 

977358 

9 

2 

980094 

9 

2 

982814 

9 

.  8  974650 

14 

8 

977403 

14 

8 

980140 

14 

8  982859 

14 

4  974696 

18 

4 

977449 

18 

4 

980185 

18 

4  982904  18 

6 1 974742 

23 

5 

977495 

28 

6 

980231 

28 

5  982949;  28 

6 !  974788 

28 

6 

977641 

27 

6 

980276 

27 

6  9829941  27 

7 .  974834 

82 

7 

977586 

82 

7 

980322 

32 

7 

983040;  32 

8  974880 

87 

8 

977632 

37 

8 

980867 

36 

8 

983085*  36 

9  974926 

41 

9 

977678 

41 

9 

980412 

41 

9  983130  41  1 

9440 

974972 

9500 

977724 

9560 

980468 

9620  988175 

1 

975018 

6 

1 

977769 

6 

1 

980503 

6 

1 

983220 

5 

2 

975064 

9 

2 

977816 

9 

2 

980649 

9 

2 

988265 

9 

8 

975110 

14 

8 

977861 

14 

8 

980594 

14 

8 

983310 

14 

4 

976156 

18 

4 

977906 

18 

4 

980640 

18 

4 

983356 

18 

6 

975202 

23 

6 

977962 

23 

6 

980685 

23 

6 

983401 

23 

6 

975248 

28 

6 

977998 

27 

6 

980730 

27 

6 

983446 

27 

7 

975294 

82 

7 

978043 

82 

7 

980776 

82 

7 

983491 

32 

8 

975340 

87 

8 

978089 

87 

i   8 

980821 

86 

8 

988536 

36 

9 

976386 

41 

9 

978185 

41 

1   9 

980867 

41 

9 

983581 

41 

9450 

975482 

9610 

978180 

9670 

980912 

9680 

988626 

1 

976478 

6 

1 

978226 

5 

1 

980957 

5 

1 

988671 

6 

2 

975524 

9 

2 

978272 

9 

2 

981003 

9 

2 

983716 

9 

8  975570 

14 

8 

978317 

14 

1   3 

981048 

14 

8 

983762 

14 

4 

975616 

18 

4 

978363 

18 

4 

981093 

18 

4 

983807 

18 

5 

975661 

28 

5 

978409 

23 

6 

981139 

28 

6 

983852 

23 

6 

976707 

28 

6 

978454 

27 

6 

981184 

27 

6 

983897 

27 

7 

975758 

82 

7 

978500 

32 

7 

981229 

82 

7 

983942 

32 

8 

975799 

87 

8 

978546 

87 

8 

981276 

86 

8 

988987 

36 

9 

976846 

41 

9 

978591 

41 

9 

981820 

41 

9 

984032 

41 

LOQABITHMS  OF  NUMBEBS. 


Ho. 

ix>g. 

Prop, 
Part. 

No. 

Lot. 

Prop. 
Part. 

No. 

l-og. 

Prop. 
Pfcrt. 

No. 

l^». 

Prop. 
P&n. 

9640 

984077 

9700 

986772 

9760 

989460 

9820 

992111 

1 

984122 

5 

1 

986816 

4 

1 

989494 

4 

1 

992156 

4 

2 

984107 

9 

2 

986861 

9 

2 

989639 

9 

2 

992200 

9 

8 

984212 

14 

8 

986906 

18 

8 

989583 

18 

8 

992244 

18 

4 

984267 

18 

4 

986961 

18 

4 

989628 

18 

4 

992288 

18 

6 

084802 

28 

6 

986996 

22 

6 

989672 

22 

6 

992388 

22 

6 

984347 

27 

6 

987040 

27 

6 

989717 

27 

6 

992877 

26 

7 

984892 

82 

7 

987085 

81 

7 

989761 

81 

7 

992421 

81 

8 

984437 

86 

8 

987180 

86 

8 

989806 

86 

8 

992465 

86 

9 

984482 

41 

9 

987174 

40 

9 

989860 

40 

9 

992509 

40 

9650 

984527 

9710 

987219 

9770 

989896 

9880 

992668 

1 

984572 

6 

1 

987264 

4 

1 

989989 

4 

1 

992698 

4 

2 

984617 

9 

2 

987309 

9 

2 

989983 

9 

2 

992642 

9 

8 

984662 

14 

8 

987358 

18 

8 

990028 

18 

8 

992686 

18 

4 

984707 

18 

4 

987898 

18 

4 

990072 

18 

4 

992730 

18 

6 

984752 

28 

6 

987443 

22 

5 

990117 

22 

6 

992774 

22 

6 

984797 

27 

6 

987487 

27 

6 

990161 

27 

6 

992818 

26 

7 

984842 

82 

7 

987532 

81 

7. 

990206 

81 

7 

992868 

81 

8 

984887 

86 

8 

987577 

86 

8 

990250 

86 

8  992907 

86 

9 

984932 

41 

9 

987622 

40 

9 

990294 

40 

9 

992951 

40 

9660 

984977 

9720 

987666 

9780 

990339 

9840 

992995 

1 

985022 

6 

1 

987711 

4 

1 

990383 

4 

1 

993039 

4 

2 

985067 

9 

2 

987756 

9 

2 

990428 

9 

2 

993088 

9 

8 

985112 

14 

8 

987800 

18 

8 

990472 

13 

8 

993127 

18 

4 

985157 

18 

4 

987845 

18 

•   4 

990516 

18 

4 

993172 

18 

6 

985202 

28 

6 

987890 

22 

6 

990561 

22 

6 

993216 

22 

6 

985247 

27 

6 

987984 

27 

6 

990605 

27 

6 

993260 

26 

7 

985292 

82 

7 

987979 

81 

7 

990660 

81 

7 

993304 

31 

8 

985837 

86 

8 

988024 

86 

8  990694 

86 

8 

993348 

86 

9 

985382 

41 

9 

988068 

40 

9 

990738 

40 

9 

993392 

40 

9670 

985426 

9730 

988118 

9790 

990783 

9860 

998486 

1 

985471 

4 

1 

988157 

4 

1 

990827 

4 

1 

998480 

4 

2 

985516 

9 

2 

988202 

9 

2 

990871 

9 

2 

993624- 

9 

8 

985561 

18 

8 

988247 

18 

8 

990916 

18 

8 

993568 

18 

4 

985606 

18 

4 

988291 

18 

4 

990960 

18 

4 

993618 

18 

6 

985651 

22 

6 

988836 

22 

5 

991004 

22 

6 

993667 

22 

6 

985696 

27 

6 

988881 

27 

6 

991049 

27 

0 

993701 

26 

7 

985741 

81 

7 

988-125 

81 

7 

991098 

81 

7 

998745 

81 

8 

985786 

86 

8 

988470 

86 

8 

991187 

86 

8 

993789 

86 

9 

985880 

40 

9 

988514 

40 

9 

991182 

40 

9 

998883 

40 

9680 

986875 

9740 

988559 

9800 

991226 

9860 

998877 

1 

986920 

4 

1 

988608 

4 

1 

991270 

4 

1 

998921 

4 

2 

985965 

9 

2 

988648 

9 

2 

991316 

9 

2 

998966 

9 

8 

986010 

18 

8 

988698 

18 

8 

991359 

18 

8 

994009 

18 

4 

986065 

18 

4 

988787 

18 

4 

991408 

18 

4 

994053 

18 

6 

986100 

22 

6 

988782 

22 

6 

991448 

22 

6 

994097 

22 

6 

986144 

27 

6 

988826 

27 

6 

991492 

27 

6 

994141 

26 

7 

986189 

81 

7 

988871 

81 

7 

991686 

81 

7 

994185 

81 

8 

986284 

86 

8 

988916 

86 

8 

991680 

36 

8 

994229 

86 

9 

986279 

40 

9 

988960 

40 

9 

991626 

40 

9 

994278 

40 

9690 

986324 

9760 

989006 

9810 

991669 

9870 

994817 

1 

986369 

4 

1 

989049 

4 

1 

991718 

4 

1 

994861 

4 

2 ; 986418 

9 

2 

989094 

9 

2 

991767 

9 

2 

994405 

9 

8  1  986458 

18 

8 

989188 

18 

8 

991802 

13 

8 

994449 

18 

4 ,  986503 

18 

4 

989183 

18 

4 

991846 

18 

4 

994493 

18 

5 

986548 

22 

5 

989227 

22 

5 

991890 

22 

6 

994587 

22 

6 

986593 

27 

6 

989272 

27 

6 

991984 

27 

6 

994581 

26 

7 

986637 

81 

7 

989316 

81 

7 

991979 

31 

7 

994625 

81 

8 

986682 

36 

8 

989361 

86 

8 

992023 

86 

8 

994669 

86 

9 

986727 

40 

9 

989405 

40 

9 ' 992067 

40 

9 

994718 

40 

40 


LOaARITHHS  OF  NUHBEBS. 


No. 

Log. 

Prop. 
Pftrt. 

No. 

Log. 

Prop.| 

Part,  j 

No. 

Lof. 

Ftop. 

No. 

i^ 

Pmrt, 

9880 

994757 

9910 

996074 

9940 

997886 

9970 

998695 

1 

994801 

4 

1 

996117 

4 

1 

997430 

4 

1 

998739 

4 

2 

994846 

9 

2 

996161 

9 

2 

997474 

9 

2 

998782   9  ] 

8 

994889 

18 

8 

996205 

18 

8 

997617 

13 

8 

998826 

13 

4 

994933 

18 

4 

996249 

18 

4 

997661 

17 

4 

998869 

17 

6 

994977 

22 

6 

996293 

22  ! 

5 

997606 

22 

6 

998913 

22 

6 

996021 

26 

6 

996336 

26 

6 

997648 

26 

6 

998956 

26 

7 

995064 

31 

7 

996380 

81 

7 

997692 

80 

7 

999000 

80 

8 

995108 

86 

8 

996424 

35 

8 

997786 

86 

8 

999043 

85 

9 

995162 

40 

9 

996468 

40 

9 

997779 

89 

9 

999087 

39 

9890 

995196 

9920 

996612 

9960 

997823 

9980 

999180 

.  1 

995240 

4 

1 

99C655 

4 

1 

997867 

4 

1 

999174 

4 

2 

995284 

9 

2 

990599 

9 

2 

997910 

9 

2 

999218 

9 

8 

995328 

18 

8 

996643 

13 

8 

997964 

13 

8 

999261 

18 

4 

995372 

18 

4 

996687 

18 

4 

997998 

17 

4 

999305 

17 

6 

996416 

22 

6 

996780 

22 

6 

998041 

22 

6 

999348 

22 

6 

996460 

26 

6 

996774 

26 

6 

998086 

26 

6 

999392 

26 

7 

995504 

81 

7 

996818 

81 

7 

998128 

80 

7 

999436 

80 

8 

995647 

86 

8 

996862 

85 

8 

998172 

36 

8 

999478 

So 

9 

996691 

40 

9 

996906 

40 

9 

998216 

39 

9 

999622 

89 

9900 

995635 

9980 

996949 

9960 

998269 

9990 

999566 

1 

995679 

4 

1 

996993 

4 

1 

998303 

4 

1 

999609 

4 

2 

995723 

9 

2 

997037 

0 

2 

998346 

9 

2 

999662 

9 

8 

995767 

18 

8 

997080 

13 

8 

998390 

18 

8 

999696 

IS 

4 

995811 

18 

4 

997124 

18 

4 

998434 

17 

4 

999739 

17 

6 

995854 

22 

5 

997168 

22 

6 

998477 

22 

6 

999783 

22 

6 

995898 

26 

6 

997212 

26 

6 

998521 

26 

6 

999S26 

26 

7 

995042 

81 

7 

997256 

31 

7 

998564 

80 

7 

999870 

80 

8 

9i)6986 

36 

8 

997299 

85 

8 

998608 

85 

8 

999913 

86 

9 

996030 

40 

9 

997343 

39 

9  998662 

89 

9 

999967 

39 

LOOAKITBXS  TO  50  DeCIXAL  PLACSS. 


ooooooooooooooooooooooooooooooooooooooooooooooooooo 

0-30102999566308119521373889472449302676818988146211 
0-47712125471960243729502790325511530920012886419069 
0-60205999132796289042747778944898605353637976292422 
0-69897000483601880478620110527550697323181011863789 

O-77816125O3836436325087667979796083369683187466628O 
0-84509804 0014256880712216258592636193483572396S2397 
0-90d089986901948o8564121668417347908030456964438633 
0-95424260043932487459005580661023061840026772888189 
1  -00000000000000000000000000000000000000000000000000 
104139268516822504076019997124302424170670219046646 
107918124604762482772260569270410136278650862711491 
1-11394836230683676920650516794232843082972918888707 
M4612803667823802592595516331712922026176227778607 
M7609126905568124208128900863062228248193898272869 

1  -2041 1908265502478085495557889797210707275962684848 
1-23044892137827392854016989432838703000766737842505 
1-25627250510330600980379470123472364616844760984360 
1-27875860095282896153638347675692931796112983739460 
1-30102999566398119521373889472449302676818988146211 

1-32221929473391926800724416184775150268370120061866 
1  •34242268082220623596393886696761 726847489207192866 
1-36172783601759287886777711225118954969761103433610 
1-88021124171160602293624458742859438960469850857702 
1-39794000867203760957252221065101394646862028707678 


Odeci. 


LOGARITHMIC  SINSS,   STC. 


41 


0 

1 


6 
2 '6 
3.6 

4i7' 
6';7< 
6|7 

7:7- 

8.7- 
9 17 
10(7" 
1117 
127 
18  7- 
14i7 
1617 
16' 7 
17;  7 
18:7- 
1917 
20  7 
21;  7 
2217 
23;  7 

24  7 

25  7 
26,7 
27  i7 
28 '7- 
29/7 
30  7 
81:  7 

82  7 

83  7 
847 
86' 8 

86  8 

87  8 

88  8 
89,  8 
40  8 
4l!8 

42  8 

43  8 

44  8 

45  8 
46-8 
47,8 


-468726 
■764756 
'94084' 
065786 
162696 
•241877 
308824 
866816 
-417968 
468726 
605118 
642906 
■577668 
-609858 
-639816 
667846 
694178 
-718997 
742478 
764754 
-785948 
-806146 
-825451 
-843934 
861662 
-878695 
895085 
910879 
926119 
-940842 
-955082 
968870 
•982238 


501717 

293485 

208281 

161617 

131968 

111578 

96658 

86254 

76262 


Diff. 
100" 


COMMBt. 


62981 

67936 

63641 

49938 

46714 

43881 

41872 

39135 

37127 

35315 

33672 

32176 

80805 

29547 

28888 

2731 

26323 

25399 

24538 

23733 

22980 

22273 


995198.  21608 

0077871  20981 

020021  20390 

031919  19831 

043501  19302 

-054781  18801 

-066776  18325 

-076500  17872 

-086965  17441 

097183  17081 

•107167  16639 

■116926  16265 

•126471  16908 

•136810  1556C 

1144958  15238 


49;8-15390 

50';8 

6l!8 


14924 
14622 


52  ;8 

63  8 
64 '8 
65 '8 
66  8 

57  « 

58  8 

59  8 

60  8 


-162681 

171280  14833 

179718'  14054 

187985'  13786 

1961021  13529 

204070;  18280 

211895  18041 

2195811  12810 

2271841  12587 

2345571  12872 

241855'  12164 


0>«ina. 


Inflnite. 

-536274 

236244 

059153" 

934214' 

837304' 

758123' 

691176 

633184; 

•582032 

636274! 

494882 

457094 

422382 

890147 

860184 

332155 

3058271 

281003 

2576221 

235246' 

214067 

193854 

174549 

156066 

138388 

121305 

104915 

089121, 


T»Bg«Bt. 


6-463726 
:6-764756 
6 '940847 
7-066786 
7-162696 
7-241878 


7-308825  111578 


073881 
•059158' 
044918' 
0311301 
017767 
004802' 
•992213 
979979', 
968081' 
•950499; 
945210' 
•934224 
-923600' 
-913035 
•902817 
892833 
•883074 
873529 
864190 
'855047 
-846093 
•837319 
•828720 
•820287, 
-812016 
•808898 
795930 ' 
•788105, 
■780419 
772866 
765443 
•758145 ; 


7-366817 
7-417970 
7-463727 
;7-606120 
|7-542909 
,7-677672 
17-609857 
|7 -689820 
7-687849 
7-694179 
7-719003 
7-742484 
7-764761 
7-785951 
7-806155 
7-825460 
7-843944 
7-861674 
7-878708 
7-895099 
17-910894 
7-926134 
7-940858 
7-955100 
|T -908889 
!7-982253 
7-995219 
;8-007809 
,8-020045 
8-031945 
8-043627 
8-054809 
8-065806 
8076531 
8-086997 
8097217 
8-107202 
8-116963 
8-126510 
8-1 85861 
18-144996 
8-163952 
8-162727 
8-171828 
,8-179763 
8-18803G 
8-196156 
8-204126 
8-211953 
8-219641 
8-227196 


piir. 

100" 


501717 
298486 
208231 
161517 
131969 


96663 

86254 

76263 

68988 

62981 

67937 

63642 

49939 

46715 

43882 

41373 

89186 

87128 

86315 

83673 

82176 

30807 

29549 

28390 

27318 

26825 

25401 

24540 

23786 

22982 

22275 

21610 

209831 

20302 

19833] 

19305 

18803 

18327 

17B75 

17444 

17034 

16642 

16208 

15911 

15568 

15241 

14927 

14625 

14336 

1405' 

13790 

13532 

13284 

13044 

12814 

12591 


OotaDgant. 


Inflnit*. 

18-636274 


8«eaiit. 


8-234621;  12376 
8-241922  12168 


13-235244! 
13-0691631 
12-9842141 
12-887804' 
12-758122 
12-691175 
12-683183 
12-682080| 
12-636273 
12-494880: 
12-457091' 
12-422328' 
12-390143 
12-860180 
12-882161 
12-805821 
12-280997 
12-257616' 
12-285289* 
12-214049 
12-1938451 
12-174540' 
12-156056 
12-188326 
12-121292 
12-104901 
12-089106 
12  073866 
12059142 
12-044900! 
12-031111! 
12-017747: 
12004781 
11-992191 
11-979955' 
,11 -968056' 
111-956473 
11-945191: 
11-934194 
11-923469! 
11 -9130031 
11-902783 
11-892798 
11-883037' 
ll-87a490i 
11-864149' 
11-855004; 
11-846048 
11 -837273 
11-828672 
11-820237. 
11-811964 
11-803844' 
11-795874' 
11-7880471 
11  •7803591 
11-772805 
11-765379 
11-758078 


aeoDt.      I  0)tangent.  I 


Tangent. 


•000000 

•000000 

•000000 

•000000 

•000000 

•000000 

•000001 

•000001 

•000001 

-000001 

•000002 

•000002 

•000003 

•000003 

•000004 

•000004 

•000005 

-000005 

•000006 

•000007 

•000007 

•000008 

•000009 

•000010 

•000011 

•000011 

■000012 

•000013 

•000014 

•000015 

•000017 

•000018 

•000019 

-000020 

•000021 

•000028! 

•000024| 

•000025; 

-000027 

•000028 

■0000291 

■0000311 

•0000321 

•0000^41 

•000036! 

•00003 

-000039 

•000041 

•000042 

•000044 

■000046 

-000048 

•000050 

•000052 

•000054 

•000056 

•000058 

•000060 

•000062 

•000064 

•000066 


Oorine. 


10-000000  60 
10  000000 '59 


10^000000 

lo-oooooo! 

10-000000' 
10-000000 

9-999999' 

9-999999! 

9'999999( 

9-9999991 

9-999998: 

9-999998 

9-999997 

9-999997 

9-999996 

9-999996 

9-999995 

9-999995! 

9-999994' 

9^999993! 

9-999993' 

9-999992; 

9^999991 1 

9^999990; 

9-9999891 

9-999989: 

9^999988! 

9-999987| 

•9^999980i 

9-999986' 

9-999983i 

9-999982, 

9-999981 

9-9999801 

9-999979, 

9-999977' 

9999976; 

9-999975 

9999973!  22 

9-999972  1 21 


58 
57 
56 
56 
54 
53 
52 
51 
50 
49 
48 
47 
46 
46 
44 
43 
42 
41 
40 
39 
38 
37- 
36 
35 
34 
38 
32 
31 
30 
29 
28 
27 
26 
25 
24 
28 


Coiecant. 


9-999971 
9-999969 
9-999968 
9-999966 
9-999964 
9-999963 
9-999961 
9-999959 
9-999958 
9-999956 
9-999954 
9-999952 
9-999(!)60 
9-999948 
9-999940 
9-999944 
9-999942 
9-999940 
9-999938 
9-999986 
9-999934 


8ino. 


20 

19 

18 

17 

16 

15 

14 

18 

12 

11 

10 

9 

8 

7 

6 

5 

4 

8 

2 

1 

0 


89  !>£«. 


42 


1  D«a. 


LOGAKITHIIIC  SDTBSy  SIC, 


0i8-241855 
]'8-24D033 
2i8-26G091 
8  8-26^042 
4  8-2C9881 
6  8-276614 
C  8-28324a 
7!  8-289778 

8  8-296207 

9  8-80254('» 

10  8-808794 

11  8-8149o4 

12  8-821027 
la  8-327016 
14  8832924 
16  8-838763 

16  8-344504 

17  8-360181 

18  8'356783 
10  8-361815 

20  8-366777 

21  8-372171 

22  8-377499 

23  8-382762 

24  8-387962 

25  8-393101 

26  8-398179 

27  8-403199 

28  8-408161 

29  8-413068 

30  8-417919 

31  8-422717 
82  8-427462 

33  8-432156 

34  8-436800 

85  8-441394 

86  8-445941 

87  8-450440 

88  8-454893 

39  8-459301 

40  8-403665 

41  8-467985 

42  8-472263 

43  8-476498 

44  8-480693 

45  8-484848 

46  8-488%3 

47  8-493040 

48  8-497078 

49  8-501080 

50  8-505045 

51  8-508974 
62  8-5K28G7 
538-516726 
64  8-520551 

55  8-524343 

56  8-528102 
67  8-531828 
58  8-535523 
69  8-539186 
60  8-5:12819 


Diff. 
100* 


11963 

11768 

11580 

11897 

11221 

11050 

10883 

10722 

10566 

10418 

10266 

10122 

9982 

9847 

9714 

9586 

9460 

9338 

9219 

9103 

8990 

8880 

8772 

8667 

8564 

8464 

8366 

8271 

8177 

mm 

7996 
790:i 
7823 
7740 
7657 
7577 
7499 
7422 
7346 
7273 
7200 
7129 
7060 
6991 
6924 
6859 
6794 
6731 
6669 
6()08 
6548 
6489 
6432 
6375 
6319 
6264 
6211 
6158 
6106 
6055 


CoMtint     i  Taagent 


Diff. 


1-758145 
1-760967 
1-7435H)6 
1-736958 
1-780119 
1-728386 
1-716757 
1-710227 
1-703793 
1-697454 
1-691206 
1-685046 
1-678973 
1-672984 
1-667076 
1-661247 
1-655496 
1-649819 
1-644217 
1-638685 
1-683223 
1-627829 
1-622501 
1-617238 
1-612038 
1-606899 
1-601821 
1-696801 
1-591839 
1-686932 
1-582081 
1-577283 
1-672538 
1-567844, 
.  1-563200 
1-558606 
;  1-554059 
1-649560 
1-545107, 
a -540699 
1-536335 
1-532015 
;i -527737 
11-528502 
|l -619307 
1-515162 
'1-611037 
il -606960 
1 1-502922 
.1-498920 
1-494955 
;  1-491026 
1-487133 
1  -483274 
1-470449 
1-475657 
;i-47181»8 
1-468172 
1-464477 
1-460814 
1-457181 


8-2419211 
8-2«9102i 
8-256166 
8-2681 16 
8-269966 
8-276691 
8-283323 
8-289866 
8-296292 
8-802684 
'8-308884 
8-315046 
8-321122 
8-327114 
8-333026 
8-888866 
8-344610 
8-350289 
8-855896 
8-861430 
8-366895 
8-372292 
8-877622 
8-382889 
8-388092 
8-398234 
8-398815 
8-403338 
8-408304 
8-418213 
8-418068 
8-422869 
'8-427618 
8-432815 
8-436962 
8-441560 
8-446110 
8-450613 
,8-455070 
,8-459481 
,8-463849 
,8-468172 
'8-472454J 
18-476693; 
18-480892' 
!8-485050| 
18-489170, 
!8 -493250 
18-497293 
■8-501298, 
,8-505267 
8-509200 
,8-513098 
8-516961; 
8-52(»790 
8-524586 
H -528349 
8-532080 
8-535779. 
8-539447 
8-543084 


11967 
11772 
11684 
11402 
11225 
11064 
10887 
10726 
10670 
10418 
10270 
10126 
9987 
9861 
9719 
9590 
9466 
9348 
9224 
9108 
8995 
8886 
8777 
8672 
8570 
8470 
8871 
8276 
8182 
8091 
8002 
7914 
7829 
7745 
7663 
7583 
7605 
7428 
7352 
7279 
7206 
7135 
7066 
6998 
6931 
6865 
6801 
6738 
6676 
6615 
6555 
6496 
6439 
6382 
6326 
6272 
6218 
6165 
6113 
6062 


11-758079  i -000066 
11-750898  -000068 
11-743885, 
11-786886 
11-780044, 
11-728809 
11-716677 
11-7101441 
11-708708 
11-697866' 
11-691116' 
11-684954 
11-678878 
11^72886 
11-666976 
11-661144 
11-656390, 
11-649711; 
11-644105, 
11-638670 
11  •633105, 
11-627708 
11-622878, 
11-617111 
11*611908, 
11-606766; 
11-601685- 
11-696662 
11-591696, 
11-686787! 
11-6819821 
11-677181! 
11 -67238211 -0001 66, 
,11-667685  — •""' 
11-568038' 
11-658440, 
,11-658890, 
,11  ■5493871 
.11-5449301 
ill -54061 91 
ll-536151i 
11  •631828' 
,11-527546 
111 -623307; -000195 
~     000199' 


•000071 
■000073 
■000076 
-000078 
•0000801 
-0000821 
•000085 
•000087 
•000090: 
-000093' 
-000096! 
•000098! 
•000101  ^ 

-000103; 

-0001061 
•000109 
■000112! 
•000116, 
■0001181 
-0001211 
•0001241 
•000127 

-oooiaoS 
-000133I 

0001861 
•0001891 
•000142; 
-000146 
-000149; 
000152; 


000169 
-0001621 
•000166! 
•0001691 
-0001731 
•0001761 
•000180; 
•000184! 
0001871 
0001911 


1*43 
/42 

;l4i 

^140 


|11-519108, 
11-614960; 
'11-510880 
;l  1-506750' 
ill -5027071 
tll-498702i 
,11-494783 
ill -490800: 


9-999984;.  60 
9-999932,  69 
9-999929  |l  68 
9-999927,  57 
9*999926  !  56 
9-999922  joS 
9-999920;  54 
9-999918  68 
9-999916 ;!  62 
9*999918  ,'61 
9-999910150 
9999907 '49 
9-999906  148 
9-999902  ,47 
9-999899  i  46 
9-999897);  45 
9-999894  ,44 
9-999891 
9-999888 
9-999885 
9-999882 
9-999879 '139 
9-999876*  38 
9-999873  37 
9-999870 '136 
9-999867 ',36 
9-999864!,  34 
9-999861  lias 
9-999858 1)  32 
9-999864  li  81 
9-999861 ;,  30 
9-999848);  29 
9-9998441-28 
9-999841  tl  27 
9-999838  '  26 
9-9998341!  25 
9-999831  !!  24 
9-999827  !1 28 
9-999824  ,.22 
9-9998*20  21 
9-999816  20 
9-999813  19 
9-999809  1 18 
9-999806 ';  17 
9-999801  1 16 
9-999797  i  16 


111 ■486902 '-000231 
|11-483039:,-000235 
Il  1-479210  -000239 
11-475414,-0002431 
111 -471651  •0002471 
■11-467920 , '000252 
'11 -464221!  000256; 
11-4603531 -000260 
11-4569161-000265 


-000203! 

•000206!  9-999794  ,i  14 

•000210: 

•000214! 

000218 

000222 

000226 


9-99979041 13 
9-999786  li  12 
9-999782  111 
9-999778 1|  10 
9-999774  !|  9 
9-999769  II 
9-999765 
9-999761 1< 
9-999767 


9-999763 
9-999748 
9-999744 
9-999740 
9-999785 


Secant.    ,  Cutaugent. 


Tang-rit     I  0>KeoMit.  a'pe. 


83DSO. 


IiOGABITHIIIO  SINS8,  XXO. 
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2  DEO. 


Otff. 
100" 


TMigent. 


Diff. 


CotoDgent 


8«Mnt. 


Difl. 


Oofine. 


8-642819 

8-54t)422  6004 

8-549996  5965  1 

8-663539  5906 

8-557054  5858 

8-600640  5811 

8-563999  5766 

8-567481 

8-67083U 

8-674214 

8-577566 

8-580892 

8-584193 

8-687469 

8-590721 

8-593948 

8-597162 

8-600332 

8-603489 

8-606623 

8-609734 

8-612823 

8-615^91 

8-618987 

8-621962 

8-624965 

8-627948 

8-630911 

8-633854 

8-636776 


1 

1 

1 

1 

1 

1 

1" 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

8-639680  4839  1 

8-642563  4806  1 

8-645428  4775  1 

8-648274  4743  1 

8-651102  4712  1 

8-653911  4682  1 

8-656702  4652;i 

8-659475 

8-662280 

8-664968 

8-667689 

8-670393 

8-673080 

8-675761 

8-678405 

8-681043 

8-683665 

8-686272 

8-688863 

8-691438 

8-693998 

8-696543 

8-699073 


5719 
5674 
5630 
5587 
5544 
5502 
5460 
5419 
5379 
5339 
5300 
5261 
5223 
5186 
5149 
5112 
5076 
5041 
5006 
4972 
4988 
4904 
4871 


1 8-701689 
I  8-704090 
8-706577 
8-709049 
8-711507 
8-713952 
8-716383 
8-718800 


4622  1 
469211 
466811 
4535 1 1 
45061 1 
44791 
44511 
442411 
4397  1 
4370,1 
4844  1 
4818!l 
429211 
4267,1 
42421 
42171 
41921 
41681 
41441 
41211 
4097:1 
40741 
4052  1 
4029  1 


467181 
■453578 
450005 
446461 
'442946 
439460 
436001 
432569 
429164 
425786 
422434 
419108 
416807 
412531 
409279 
406052 
402848 
399668 
396511 
393877 
390266 
387177 
384109 
381068 
378038 
375035 
•372052 
'369089 
■366146 
■363224 
'360320 
•357437 
'364572 
•361726 
•348898 
•346089 
-843298 
•340525 
■337770 
■335032 
•332311 
-329607 
-326920 
•324249 
-321596 
-318957 
-816335 
813728 
311137 
808562 
806002 
308457 
300927 
298411 
295910 
•293423 
•290951 
■288493 
286048 
288617 
281200 


8-643084 

8-646691 

8-550268 

8-653817 

8-557836 

8-560828 

8-664291 

8-667727 

8-671187 

8-574520 

8-577877 

8-581208 -___ 

8-684614t5510 

8-58779515468 

8-5910516427 


6012 
6962 
5914 
5866 
5819 
5773 
6727 
5682 
5688 
6595 
6652 


8-594283 


5387 


8-597492 

8-600677 

8-603839 

8-606978 

8-610094 

8-618189 

8-616262 

8-619313,^.^^ 

8-6223485060 

8-6263525016 

8-62834014981 

8-631308I4947 

8-6342664918 

8-637184  48ig| 

8-640093 '48481 


5347 
5308 
5270 
5232 
5194 
5168 
5121 
5085 


8-642982 

8-645863 

8-648704 

8-651537 

8-654862 

8-657149 

8-659928 

8-662689 

8-665433 

I  8-668160 

I  8-670870 

1  8-678663 

,  8-676239 

8-678900 

8-681644 

'  8-684172 

I  8-686784 

;  8-689881 

8-691968 

I  8-694629 

I  8-697081 

i  8-699617 

I  8-702139 

,  8-704646 

l;  8-707140 


8-709618 
;;  8-712083 
!  8-714534 
'  8-716972 

8-719396 


U -466916 
11-458309 
11-449732 
11-446188 
11-442664 
11-489172 
11-485709 
11-432273 
11-428863 
11-425480 
11-422128' 
11-418792 
11-415486 
11-412205 
11-408940 
11-405717 
11-402608 
11-399328 
11-396161 
11-393022 
11-389906 
11-386811 
11-383738 
11-380087 
11-377657 
11-874648 
11-371660 
11-868092 
U -865744 
1-862816 
1-369907 
11-357018 
11-354147 
11-351296 
11-348463 
11-345648 
11-842851 
11-840072 
11-387311 
11-334567 
11-831840 
11-329130 
11-826437 
11-323761 
11-321100 
11-818456 
11-315828 
11-813216 
11-310619 
11-308087 
11-806471 
11-802919 
11-800383 
11-297861 
11-296364 
11-292860 
11-290882 
11-287917 
11-285466 
4062  11-283028 
404011-280604 


4816 
4784 
4763 
4722 
4691 
4661 
4631 
4602 
4573 
4544 
4616 
4488 
4461 
4484 
4407 
4380 
4364 
4328 
4303 
4277 
4252 
4228 
4203 
4179 
4165 
4132 
4108 
4085 


000265 
-000269 
-000274 
-000278 
•000283 
-000287 
-000292 
•000296 
-000301 
•000806 
-000811 
^000315 
•000320 
•000826 
-000330 
•000335 
-000340 
•000345 
•000350 
•000355 
•000360 
-000365 
•000371 
•000376 
-000381 
-000386 
•000892 
•000897 
-000403 
•000408 
•000414 
-000419 
•000425 
-000430 
•000436 
-000442 
■000447 
-000458 
-000469 
-000466 
•000471 
-000476 
-000482 
•000488 
-000494 
■000600 
-000507 
-000518 
•000519 
-000526 
-000581 
•000687 
•000544 
•000660 
•000657 
•000568 
•000669 
•000576 
-000582 
-000589 
-000696 


9-999786 
9-999731 
9-999726  ) 
9-999722  I 
9-999717 
9-999713 
9-999708  £ 
9-999704  ( 
9-999699  i 
9-999694  j 
9-999689 1 
9-999685! 
9-999680  ' 
9-999675' 
9-999670|' 
9-999666!  i 
9-9996C0  ' 
9-999665 
9.999650|42 
9-999C45|41 
9-99964040 
9-999635!l39 


60 
59 
58 
67 
56 
55 
54 
53 
52 
51 
j50 
149 
48 
47 
46 
46 
44 
43 


9-999629;; 
9-999624 
9-999619  ; 
9-999614 
9-999608  i 
9-999603 
9-999697 
9-999692  i 
9  •999686!; 
9-999581 
9-999575  I 
9-999570  : 
9-999664  : 
9-999658  : 
9-999563  1 
9-999547 
9-999641 
9-999535  : 
9-999529  : 
9-999624 
9-999618 
9-999612 
9-999606  w 
9-999500 115 


i38 
'37 
36 
35 
34 
38 
32 
31 
30 
29 
28 
27 
26 
26 
24 
28 
22 
21 
20 
19 
18 
17 
16 


9-999493 
9-999487 
9-999481 
9-999475 
9-999469 
9-9994B3 
9-9994561 
9-999460: 
9-999448 
9-999487 
9-999481 
9-999424 
9-999418 
9-9994111 
9-9994041 


OMioe. 


I     6»«mt.     I    CotfcBggnt. 


Tangent 


Bin<.      [J  ' 
87  DEG. 


44 


LOaABITHHIO  8INBS,   ETO. 


8  !»■«. 


0 
1 
2 
8 
4 
5 
6 
7 
8 
9 

10 
11 
12 
18 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
81 
82 
83 
84 
85 
86 
87 
88 
89 
40 
41 
42 
48 
44 
45 
46 
47 
48 
49 
60 
51 
62 
63 
64 
65 
66 
67 
68 
69 
60 


8-718800 
8-721204 
8-723595 
8-725972 
8-728837 
8-780688 
8-733027 
8-735854 
8-737667 
8-739969 
8-742259 
8-744586 
8-746802 
8-749056 
8-761297 
8-753628 
8-755747 
8-767955 
8-760151 
8-76233} 
8-764611 
8-766675 
8-768828 
8-770970 
8-773101 
8-775223 
8-777333 
8-779434 
8-781624 
8-783605 
8-786675 
8-787736 
8-789787 
8-791828 
8-793859 
8-795881 
8-797894 
8-799897 
8-801892 
8-803876 
8-805852 
8-807819 
8-809777 
8-811726 
8-813667 
8-815599 
8-817522 
8-819436 
8-821343 
8-823240 
8-825130 
8-827011 
8-828884 
8-830749 
8-882607 
8-834456 
8-836297 
8-838130 
8-83<^956 
8-841774 
8-843585 


Cnslno. 


Dkt. 
100" 


OoMOBai.   li   Tucent. 


1 

4006  1 
3984' 1 
396211 
3941  |l 
3919,1 
389811 


8877 
3857 
3886 
3816 
3796 
3776 
3766 
3787 
3717 
3698 
3679 
3661 
3642 
3624 
3606 
3588 
3570 
3553 
3635 
3518 
3501 
3484 
3467 
3451 
3434 
3418 
3402 
3886 
3870 
3354 
8339 
3323 


8293 
3278 
3263 
3249 
3234 
3219 
3205 
3191 
3177 
8163 
3149 
3135 
3122 
3108 
3095 
3082 
8069 
8050 
3043 
3030 
3017 


281200 

278796 

276405 

274028 

271663 

269812 

266973 

'264646 

-262333 

260031 

257741 

255464 

263198 

250946 

248703 

246472 

244253 

242045 

289849 

287663 

235489 

233325 

231172 

229030 

226899 

224777 

222667 

220566 

218476 

216895 

-214325 

212264 

■210213 

208172 i 

206141 

204119 

202106 

■200103 

198108 

196124 

194148 

192181 

190223 

188274 

186333 

184401 

182478 

180564 

178657 

176760 

174870 

172989 

171116 

169251 

167893 

165644 

163703 

161870 

160044 

158226 

166415 


8-719396    11 
8-721806  4017  11 
11 
11 
11 


3952 
3931  11 
3909  11 
3889jll 


3848 

3827 

3807 

8787 

8768 

3749 

8729 

3710111 

8692  11 


8-724204  3995 

8-726588  3974 

8-728969 

8-781317 

8-738668 

8-786996 

8-738317 

8-740626 

8-742922 

8-746207 

8-747479 

8-749740 

8-751989 

8-754227 

8-766463 

8-758668 

8-760872 

8-763066 

8-765246 

8-767417 

8-769578 

8-771727 

8-778866 

8-775996 

8-778114 

8-780222 

8-782820  3497 

8-784408  3480 

8-786486  3464 

8-788554  3447 

8-7906133431 

8-792662|3415 

8-794701,3399 

8-796781  3383 

8-798762  3368 

8-800763I3352 

8-802765|3337 

8.8047683322 

8-806742  3306  11 

8-808717 

8-810683  ._.. 

8-812641  3262  U 

8-814589 

8-816529 

8-818461 


Dijr. 
100" 


GoUBgVBt. 


3673 
3655 
3636 
8618 
3600 
3688 
3565 
8648 
3531 
3514 


3248 
3283 
8219 


8-820384  3205 


8-822298 
8-824205 
8-826103 
8-827992 
8-829874 
8-831748 
8-833613 
8-835471 
8-837821 
8-889163 
8-840998 
8-842825 
8-844644 


SxMtnt,     I   Ootonyent. 


11 


3191 
3177 
3168 
3150 
3186 
8123 
3109 
3096 
8083 
3070 
3057 
3045 
3032 


•280604 
-278194 
•275796 
•273412 
-271041 
-268683 
•266337 
•264004 
-261688 
•269374 
•257078 
-264793 
-262621 
•250260 
-248011 
•246773 
-243647 
•241832 
•239128 
•286935 
•284754 
-282683 
•230422 
•228278 
•226184 
•224005 
•221886 
•219778 
-217680 
•216592 
•218514 
-211446 
-209387 
•207838 
•205299 
•208269 
•201248 
•199287 
-197235 
•196242 
•193258 
•191283 
•189317 
•187859 
•185411 
•188471 
•181639 
•179616 
•177702 
•175795 
■178897 
•172008 
•170126 
•168252 
•166387 
•164529 
•162679 
•160887 
•169002 
•157175 
•155866 


Tangent. 


•000596 

•000602 
•000609 
•000616 
•000622 
•000629 
•000686 
•000648 
•000660 
•000667 
•000664 
•000671 
•000678 
'000686 
•000692 
•000699 
-000706 
-000718 
-000721 
-000728 
•000786 
-000743 
-000750 
•000768 
-000765 
•000773 
•000780 
-000788 
-000796 
•000803 
•000811 
•000819 
•000826 
•000834 
•000842 
•000860 
•000868 
•000866 
■000874 
•000882 
•000890 
•000898 
•000906 
•000914 
•000928 
-000931 
•000939 

•ooow: 

-000966 
•000964 
•000973 
•000981 
•000990 
•000998 
•001007 
•001016 
•001024 
-001083 
-001042 
•001060 
-001069 


100" 


,9-999404)60 
10  9-999398  59 
12  9-999391  58 
12  9^999384  ,57 
10  9-999378  ,56 
12  9-999371  ;.S6 
12  9-999364  LS4 
12  9-999357  ;53 
12  9-999360  52 
12  9-999343  ol 
12  9*999336  50 
12  9^999329  49 
12  9-999322  48 
12  9-999315  47 
12  9999308  46 
12  9-999301  45 

12  9-999294  44 

13  9-999287  43 
12  9-999279  42 
12  9-999272 '41 

12  9-999265  40 

13  9-999257  89 

12  9-999250  38 

13  9-999242  37 

12  9-999285  36 

13  9999227  85 

12  9-999220  84 
18  9-999212  33 
18  9-999205  32 

13  9-999197  81 
18  9-999189;30 
13  9-999181 ,29 
12  «9999174  28 


9-999166  27 
9-999158  26 
999915025 
9999142  24 
9999134 :28 
9-999126  22 
9999118  21 
99991 10  20 
9-999102  19 
9-999094  18 
9-999086  17 
9-999077  16 
9999069: 16 
9999061  U 
9999063  il3 
9999044  il2 
9-999036  11 
9999027  10 
9-999019  9 
9-999010 
9-999002 . 
9-998993 . 
9-9989S4 1 
9-998976 
9-998967 
9-998958 
9-998950 
9-998941 


CoMoant.  I 


SiiM. 


i 


36 


4  DEO. 


LOGABITHMIO  SINES,   BTC. 


45 


Diff. 
100" 


Tangeat. 


Diff. 
100" 


Cotangent 


8e«ant. 


xns. 

100" 


Goiine. 


0 

1 

2 

3 

4 

6 

6 

7 

8 

9 
10 
11 
12 
18 
14 
15 
16 
17 
18 
19; 
20 
21 
22 
23 
24 
25! 
26 
27 
28 
29 
30 
81 
82 
83 
34 
36 
86 
37 
38 
89 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
61 
52 
53 
54 
65 
56 
57 
68 
59 
60 


8-843586 
8-845387 
8-847188 
8-848971 
8-850751 
8-852625 
8-854291 
8-856049 
8-857801 
8-869546 
8-861283 
8-863014 
8-864738 
8-866466 
8-868165 
8-869868 
8-871566 
8-873265 
8-874938 
8-876615 
8-878285 
8-879949 
8-881607 
8-883268 
8-884903 
8-886542 
8-888174 
8-889801 
8-891421 
8-893036 
8-894643 
8-896240 
8-897842 
8-899432 
8-901017 
8-902696 
8-904169 
8-906736 
8-907297 
8-908863 
8-910404 
8-911949 
8-913488 
8-915022 
8-916650 
8-918078 
8-919691 
8-921103 
8-922610 
8-924112 
8-926609 
8-927100 
8-92868' 


3005 
2992 
2980 
2967 
2955 
2943 
2931 
2919 
2908 
2896 
2884 
2873 
2861 
2860 
2839 
2828 
2817 
2806 
2796 
2784 
2773 
2763 
2762 
2742 
2731 
2721 
2711 
2700 
2690 
2680 
2670 
2660 
2661 
2641 
2631 
2622 
2612 
2603 
2593 
2684 
2675 
2566 
2566 
2547 
2638 
2629 
2520 
2512 
2503 
2494 
2486 
2477 


2460 
2452 
2443|l 
2435  1 


8-930068  2469 

8-931544 

8-983016 

8-934481 

8-935942 

8  937398i2427|l 

8-9388o0  2419jl 

8-940296l24iri 


-166416 
-164613 
-152817 
-151029 
•149249 
•147475 
•146709 
•143951 
■142199 
-140464 
•138717 
-186986 
-136262 
-133546 
•131835 
•180182 
•128436 
-126746 
-125062 
-123385 
•121715 
•120061 
•118393 
•116742 
-116097 
-113468 
-111826 
■110199 
•108679 
•106966 
•106357 
•103754 
•102168 
•100568 
•098983 
-097404 
-096831 
-094264 
-092703 
•091147 
•089696 
•088051 
•086512 
•084978 
-083450 
•081927 
-080409 
-078397 
•077890 
•076888 
•074391 
-072900 
071413 
-069932 
-068466 
-066986 
-065519 
-064068 
-062602 
-061160 
-059704 


8-844644 

8-846465 

8-848260 

8-850067 

8-851846 

8-868628 

8-866403 

8-857171 

8^858932 

8-860686 

8-862483 

8-864178 

8-865906 

8:867632 

8-869361 

8-871064 

8-872770 

8-874469 

8-876162 

8-877849 

8-879529 

8-88120: 

8-882869 

8-884530 

8-886185 

8-887833  2747 

8^889476l2737 

8-89111212727 

8-8927422717 

8-8948662707 

8-896984'2697 


3019 
3007 
2996 
2982 
2970 
2968 
2946 
2936 
2928 
2911 
2900 
2888 
2877 
2866 
2854 
2843 
2832 
2821 
2811 
2800 
2789 
2779 
2768 
2758 


8-897596 

8-899203 

8-900808 

8-902398 

8-908987 

8-905670 

8-907147 

8-908719 

8-910285 

8-911846 

8-913401 

8^914951 

8-916495 

8-918034 

8-919568 

8-921096 

8-922619 

8-924136 

8-925649 

8-927156 

8^928658 

8-930165  2496 

8-9316472486 

89331342478 

8-9346162470 

8-936093I2461 

8-93756512453 

8-939032;2445 

8-940494  2437 

8-941952  2429 


2687 
2677 
2667 
2658 
2648 
2638 
2629 
2620 
2610 
2601 
2592 
6283 
2574 
2565 
2556 
2547 
2538 
2630 
2521 
2612 
2503 


165366 
163646 
161740 
149943 
148164 
146372 
144597 
142829 
141068 
189814 
187567 
186827 
134094 
132368 
130649 
128936 
127230 
126531 
123838 
122161 
120471 
118798 
117131 
116470 
113816 
112167 
110524 
108888 
107268 
106634 
104016 
102404 
100797 
099197 
"097602 
•096013 
094430 
"092863 


11-091281 


•089716 
088164 
086699 
086049 
083505 
081966 
080432 
078904 
077881 
076864 
074861 
072844 
071842 
069845 
068353 
066866 
065384 
063907 
062435 
060968 
069506 
058048 


Cotangent. 


Tangent. 


•001059 
■001068 
•001077 
•001086 
•001096 
-001104 
-001118 
•001122 
•001131 
-001140 
-001149 
-001159 
-001168 
•001177 
•001187 
-001196 
-001206 
-001215 
-001224 
-001284 
-001243 
-001253 
-001262 
•001272 
-001282 
•001292 
•001301 
-001311 
•001321 
•001332 
-001341 
•001351 
-001361 
-001371 
-001381 
•001391 
•001401 
001411 
-001422 
•001482 
•001442 
•001452 
-001463 
•001473 
-001484 
•001494 
•001605 
-001515 
•001626 
-001636 
-001647 
-001558 
-001569 
•001579 
•001590 
-001601 
•001612 
-00.1623 
•001634 
•001645 
•001656 

Ooieoant. 


9-998941 
15  19-998932 
16 : 9 -998923 

15  19-998914 

16  9-998906 


15  9- 

16  9- 


•998896 
•998887 
16  9-998878 

15  9-998869 

16  9-998860 

16  9^998851 

17  9-998841 
16  9-998832 

16  9998823 

17  9^998813 
16  9-998804, 

16  9-998795I 

17  9^998785 
15  9^998776 


17  9-99876Cf 
16  9998757 140 


17  9-998747 
17  9-998738 
9-998728 
9-998718 
9-998708 


9-998699 
9-998689 
9-998679 
9-998669 


60 
69 
58 
|57 
56 
65 
64 
53 
62 
61 
50 
49 
48 
47 
46 
46 
44 
43 
42 
41 


17  ^998669 

17  9-998649 

17J9-998639 

17 

17 

17 

17 

17 

18 

17 

17 

17 

18 

17 

18 

17 

18 

17 

18 

17 

18 

18 

18 


9-998629 
9-998619 
9-998609 
9-998699 
9-998689 
9-998578 
9-998668 
9-998558 
9-998548 
9-998637 
9-998527 
9-998516 
9-998506 
9-998495 
9-998485 
9-998474 
9-998464 
9-998458 
9-998442 
9-998431 

17  9-998421 

18  9-998410 
18  9-998399 
18  9-998388 
18  9-998377 
18  9-998366 
18  9-998355 
18  9-998344 


39 

38 

87 

36 

35 

34 

83 

32 

31 

30 

29 

28 

27 

26 

26 

24 

23 

22 

21 

20 

19 

18 

17 

16 

16 

14 

13 

12 

11 

10 

9 

8 

7 

6 

5 

4 

8 

2 

1 

0 


85  Dxa. 


46 


LOQABITHMIO  SINJiS.  ETC. 


6  DVG. 


0 
1 
2 
8 
4 
6 
6 
7 
8 
9 

10 
11 
12 
18 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
80 
81 
82 
83 
84 
85 
36 
87 
88 
89 
40 
41 
42 
48 
44 
45 
46 
47 
48 
49 
50 
51 
62 
58 
54 
55 
56 
57 
58 
59 
60 


^     OoMOWt       TMgent.      ^      Ootugeat. 


8-940296 
8-941738 
8-943174 
8-944606 
8*946084 
8-947456 
8-948874 
8-950287 
8-961696 
8-953100 
8-964499 
8-956894 
8-967284 
8-958670 
8-9600o2 
8-961429 
8-962801 
8-964170 
8-965584 
8-966893 
8-968249 
8-969600 
8-970947 
8-972289 
8-973628 
8-974962 
8-976293 
8-977619 
8-978941 
8-980259 
8-981678 
8-982883 
8-984189 
8-986491 
8-986789 
8-988083 
8-989374 
8-990660 
8-991943 
8-993222 
8-994497 
8-995768 
8-997036 
8-998299 
8-999560 
9-000816 
9-002069 
9003818 
9-004663 
9-005805 
9-007044 
9-008278 
9009510 
9-010787 
9011962 
9-018182 
9-014400 
9016613 
9-016824 
9-018031 
9-019236 


2403 
2394 
2387 
2379 
2371 
2368 
2356 
2348 
2340 
2382 
2326 
2317 
2310 
2302 
2296 
2288 
2280 
2278 
2266 
2259 
2262 
2246 
2288 
2231 
2224 
2217 
2210 
2203 
2197 
2190 
183 
2177 
2170 
2163 
216' 
2150 
2144 
2138 
2131 
2125 
2119 
2112 
2106 
2100 
2094 
2088 
2082 
2076 
2070 
2064 
2058 
2062 
2046 
2040 
2034 
2029 
2023 
2017 
2012 
2006 


CMilM. 


1-059704 
1-058262 
1-056826 
1-065394 
1-058966 
1-052544 
1-051126 
1-049713 
1-048304 
1-046900 
1-046501 
1-044106 
1-042716 
1-041380 
1-039948 
1088571 
1-037199 
1-035830 
1-034466 
1-033107 
1-031751 
1-080400 
1-029068 
1-027711 
1-026372 
1-026038 
1-023707 
1-022881 
1-021069 
1-019741 
1-018427 
1-017117 
1-016811 
1-014609 
1-013211 
1-011917 
1-010626 
1-009840 
1-008057 
1-006778 
1-005608 
1-004282 
1-002964 
1-001701 
1-000440 
0-999184 
0-997931 
0-996682 
0-996487 
0-994195 
0-992956 
0-991722 
0-990490 
0-989263 
0-988038 
0-986818 
0-985600 
0-984387 
0-983176 
0-981969 
0-980765 


8«o»Bi. 


8-941952 
8-948404 
8-944852 
8-946295 
8-947784 
8-949168 
8-950597 
8-952021 
8-953441 
8-954856 
8-956267 
8-957674 
8-959075 
8-960473 
8-961866 
8-963255 
8-964639 
8-966019 
8-967894 
8-908766 
8-970133 
8-971496 
8-972866 
8-974209 
8-976560 
8-976906 
8-978248 
8-979686 
8-980921 
8-982251 
8-983577 
8-984899 
8-986217 
8-987582 
8-988842 
8-990149 
8-991451 
8-992750 
8-994046 
8-995337 
8-996624 
8-997908 
8-999188 
9-000466 
9-001738 
9-003007 
9-004272 
9-005534 
9-006792 
9-008047 
9-009298 
9-010546 
9-011790 
9-018081 
9-014268 
9-015602 
9-016732 
9-017969 
9-019183 
9-020403 
9-021620 


2421 
2418 
2405 
2397 
2390 
2382 
2374 
2366 
2859 
2351 
2344 
2886 
2329 
2322 
2314 
2307 
2300 
2293 


11-058048 
11-056696 
11-055148 
11-063705 
11-052266 
11-050882 
11-049408 
11-047979 
11-046559 
11045144 
11-043733 
11-042826 
11-040925 
11-039527 
11-088184 
11-036745 
11-085861 
11-033981 
11-082606 


2286  11-081284 


CotengMit. 


2279 
2271 
2265 
2257 
2251 
2244 
2237 
2230 
2223 
2217 
2210 
2204 
2197 
2191 
2184 
2178 
2171 
2165 
2168 
2162 
2146 
140 
2134 
2127 
2121 
2115 
2109 
2103 
2097 
2091 
2085 
2079 
2074 
2068 
2062 
2066 
2051 
2045 
2039 
2034 
2028 


11-02986: 
11-028504 
11-027145 
11-026791 
11-024440 
11-023094 
11-021752 
11-020414 
11-019079 
11-017749 
11-016423 
11-015101 
11-018783 
11-012468 
11-011158 
11-009851 
11-008549 
11007250 
11-005955 
11-004668 
11-003876 
11-002092 
11-000812 
10-999536 
10-998262 
10-996993 
10-995728 
10-994466 
10-998208 
10-991953 
10-990702 
10-989464 
10-988210 
10-986969 
10-985782 
10-984498 
10-988268 
10-982041 
10-980817 
10-979597 
10-978880 


Timgent. 


-001656 
-00166' 
-001678 
-001689 
-001700 
-001711 
-001723 
-001734 
.001745 
001757 
; -001768 
•001780 
-001791 
•001803 
•001814 
•001826 
•001837 
-001849 
-001861 
■001872 
-001884 
•001896 
-001908 
•001920 
-001982 
•001944 
•001956 
•001968 
•001980 
•001092 
•002004 
•002016 
•002028 
•002041 
•002053 
•002065 
•002078 
•002090 
•002103 
•002115 
•002128 
•002140 
-002153 
-002165 
•002178 
•002191 
•002203 
•002216 
•002229 
•002242 
•002255 
-002268 
•002281 
-002294 
•002807 
•002320 
-002833 
•002346 
-002359 
•002372 
•002386 


~1 


9-998344  JiO 
9-998333  59 
9-998322  58 
9-998311  57 
9-998300  56 
9-9^289!  55 
9-998277  54 
9-998266  58 
9-998255  o2 
9-998243  51 
9-998-232  50 
9-998220  49 
9-998209  48 
9-998197  47 
9-998186  46 
9-998174  45 
9-998163  44 
9-998151  i43 
9-998189142  ' 
9-998128  41 
9-998116  40: 
9-998104  39  j 
9-998092 .38 
9-998080  37 
9-998068  36 
9-998056  35 
9-998044  34 
9-998032  33 
20  9-998020  32 
20  ;9-998008  31 
20  ,9-997996  30 
20  9-997984  "29 


9-997972  "28 
9-997959  27 
9-997947  26 
9-997935  25 
9-997922  -24 
9-997910  23 
9-997897  22 
9-997885  21  ; 
9-997872  20  I 
9-997860  19  , 
9-997847  18  j 
9-997835  17  \ 
9-997822  16 
9-997809  15 
9-997797  il4  ! 
9-997784  13  1 
9-997771  12  ! 
9-997768  11  j 
9-997745 10  .' 
9-997782    9  1 
9-997719 
9-997706 
9-99769a 
9-997680 
9-997667 
9-997654 
9-997641 
9-997628, 
9-997614 


8 
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6  DEO. 


0 
1 

2 
8 
4 
6 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
84 
85 
86 
87 
38 
89 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
58 
B4 
55 
56 
57 
58 
59 
60 


9019236 
0020485 
9-021632 
9-022825 
9024016 
9-025208 
9-026386 
9-027667 
9028744 
9-029918 
9-031089 
9-082257 
9-038421 
9-084682 
9085741 
9-086896 
9-038048 
9-089197 
9-040342 
9-041485 
9042626 
9048762 
9-044895 
9-046026 
9-047154 
9-048279 
9-049400 
9060619 
9-051686 
9-052749 
9-053869 
9-054966 
9-056071 
9-067172 
9-068271 
9059367 
9-060460 
9-061661 
9062689 
9068724 
9064806 
9-065885 
9-066962 
9-068086 
9069107 
9-070176 
9-071242 
9-072806 
9-073866 
9-074424 
9-075480 
9-076588 
9r077688 
9-078681 
9-079676 
9-080719 
9-081769 
9082797 
9-088282 
9084864 
9-085894 


^;     Coaecant        Tftogent. 


2000 

1996 
1989 
1984 
1978 
1973 
1967 
1962 
1967 
1961 
1946 
1941 
1936 
1980 
1926 
1920 
1916 
1910 
1906 
1899 
1896 
1889 
1884 
1879 
1876 
1870 
1866 
1860 
1856 
1860 
1845 
1841 
1836 
1881 
1827 
1822 
1817 
1818 
1808 
1804 
1799 
1794 
1790 
1786 
1781 
1777 
1772 
1768 
1768 
1769 
1756 
1760 
1746 
1742 
1738 
1783 
1729 
1725 
1721 
1717 


980765 
979666 
978868 
-977176 
976984 
974797 
973614 
972488 
971266 
970082 
968911 
967743 
966579 
965418 
964269 
963104 
961962 
960803 
969668 
968515 
967875 
966288 
'966106 
968974 
952846 
961721 
960600 
949481 
948365 
947261 
946141 
946034 
943929 
942828 
941729 
940638 
989540 
938449 
987861 
986276 
985194 
984115 


-981964 
980893 
929824 
928758 
927694 
926634 
926576 
924520 
923467 
922417 
921369 
920324 
919281 
918241 
917203 
916168 
-916186 
914106 


9-02162U 
9-022834 
9-024044 
9-025251 
9-026455 
9-027666 
9-028852 
9-030046 
9-031237 
9-032425 
9038609 
9*034791 
9-085969 
9-087144 
9-038316 
9-039485 
9-040651 
9-041818 
9042973 
9-044180 
9-045284 
9-046484 
9-047582 
9-048727 
9049869 
9061008 
9-052144 
9-068277 
9-054407 
9-055636 
9-066669 
9067781 
9-058900 
9-060016 
9-061130 
9-062240 
9-068848 
9-064453 
9-065556 
9-066656 
9-067752 
9-068846 
9-069938 
9-071027 
9072113 
9-073197 
9074278 
9-075866 
9-076432 
9077605 
9.078676 
9-079644 
9080710 
9-081773 
9-082833 
9-083891 
9-084947 
9  080000 
9-087050 
9-088098 
9089144 


Diff. 

100" 


Gotangent. 


1 10-978380 
2023,10-977166 
2017  10-975956 
2011110-974749 
200610-978646 
200l!lO-972345 
1995  10-971148 
1990*10-969954 
1985;  10-968763 
1979'l0-967575 
197410-966391 
1969'lO-965209 
1964'10-964031 
1968'lO-962866 
1963I10-961684 
1948'10-960615 
1943110-959349 
193810-958187 
1933  10-957027 
192810-955870 
1923  10-964716 
1918  10-968666 
1913  10-952418 
190810-951273 
1903'lO-950181 
1898  10-948992 


1893 
1889 
1884 
1879 
1874 
1870 
1866 
1860 
1865 
1861 
1846 
1842 
1837 
1833 
1828 
1824 
1819 
1816 
1810 
1806 
1802 
1797 
1793 
1789 
1784 
1780 


I     99ttM%.     tl  Qpteafeiit. 


10-947856 
10-946728 
10-946698 
10-944466 
10-943841 
10-942219 
10-941100 
10-989984 
10-938870 
10-937760 
10-936662 
10-935647 
10-984444 
10-938845 
10-982248 
10-931164 
10-980062 
10-928978 
10-927887 
10-926803 
10-928722 
10-024644 
10-923568 
10-922496 
10-921424 
10-920356 
1776'10-919290 
177210-918227 


1767 
1763 
1759 
1765 
1761 
1747 
1743 


10-917167 
10-916109 
10  915063 
10-914000 
10-912950 
10-911902 
10-910866 


I     Taag—t. 


^•^"*"     100^' 


•002386 
-002899 
•002412 
•002426 
-002489 
•002458 
-002466 
•002480 
•002493 
•002507 
•002520 
•002534 
-002548 
•002661 
-002676 
•002689 
-002603 
•002617 
•002681 
•002645 
•002669 
•002673 
•002687 
-002701 
•002715 
•002729 
-002743 
•002768 
•002772 
-002786 
•002801 
•002816 
•002830 
-002844 
-002859 
•002878 
•002888 
002902 
-002917 
•002982 
•002947 
•002961 
•002976 
•002991 
•003006 
•008021 
-003036 
•003051 
•003066 
•003081 
•008096 
•008111 
•003126 
•003142 
-003157 
•003172 
-003188 
-003203 
-003218 
-003234 
-008249 


9-997614,60 

9-99760lll69 

9-997688;  58 

9-997674'57 

9-997661,66 

9-997547l'55 

9-997534  64 

9-997520' 58 

9-997507|'62 

9-997493  '51 

9-997480,60 

9-997466f49 

9-997452''48 

9-997439  47 

9-997425 

9-997411 

9-997397 

9-997383 

9-997369!;42 

9-997855^^41 

9-99734l|'40 

9-997327l'39 

9-997313';38 

9-997299  37 

9-997285:'36 

9-997271!  35 

9.997257:34 

9-997242;  38 

9-99722882 


l«  / 


9-997214 
9-997199 
9-997185 
9-997170 
9-997156 
9-997141 
9-997127 
9^997112 
9^997098 
9^997088 
9-997068 
9-997058 
9^997089 
9^997024 
9-997009 
9-996994 
9-996979 
9-996964 
9^996949 
9^996984 
9-996919 
9-996904 
9-996889 
9-996874 
9-996858 
9-996843 
9-996828 
9-996812 
9-996797 
9-996782 
9-996766 
9-996761 


8in«. 


88  DM. 


48 


LOGABITHMIC  8INEB,  BTO. 
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Sine. 


Oi  9  085894 
1 1' 9080922 
2 1;  9087947 
8, 1 9088970 
4  19089990 
6 ;  9-091008 

6  '9092024 

7  '!  9-09303< 
8 '  9-09404; 


{Jj5^      OoMMant.    I   Tangent      {JJJi 


1  9-095000 
I  9  0900021 


10 

111' 9097065  167 


12' 

18 

14 

16 

16 

17 

18 

19 

20 

21 

22 


9-098066 
9  099065 
9-100062 
9-101056 
9-102048 
9-103087 
9104025 
9-105010 
9106992 
9-106973 
9107951 
28:1 9-108927 
24 1|  9-109901 


1713 

1709 

1704 

1700 

1690 

1692 

1688 

1684 

1680 

1676 

1673 

1668 

1665 

1661 

1667 

1663 

1649 

1646 

1642 

1638 

1684 

1630 

162 

1623 

1619 

1616 

1612 

1608 

1605 

1601 

1597 

1594 

1690 


'  9-110873 
9-111842 
9-112809 
9-113774 

19114787 
9-116698 
9-116666 
9-117613 
9-118567 
9-119519;i587 
9-1204691 1583 
9-121417ll580 
9-1223621676 
9-1283061673 
9124248'l669 
9-126187:1566 
9-1261251662 
9-127060;i659 
9-1279931656 
9-128926!l662 
9-1298641649 
9-13078l|l545 
91817061642 
9-182630;i6S9 
9-1836511635 
9184470'1682 
9-135887:1529 
9-1863031525 
9-187216  1622 
9-1881281619; 
9-139037;i616; 
9-139944'l512 
9-1408601609 
9-1417541606 
9-142655  1603 
9-1436651500 


•914106 
•913078 
•912063 
•911030' 
•910010 :; 
•908992 
-907976 
•906968 
■905953  . 
•904944  ' 
•903938  'i 
•902936  ' 
•9019341, 
•900936 !! 
•899938  I ' 
•898944; 
•897962  1 1 
•896963 ! 
•895975 ; 
•894990 1 
-894008; 
•893027 
-892049  I 
-891073  ! 
•890099  I 
•889127  I! 
•888158 1, 
•887191 j 
•886226  I, 
•885263  |1 
•884802  I 
•883344 ; 
•882387  f 
•881483  I 
•880481 ; 
•879531 1 
•878583  i 
•877688  i 
•876694 ■ 
•876752 
•874818 
•873876 
•872940 
•872007 
•871075 
•870146 
•869219 
•868294 
-867870 
•866449 
•865580 
•864618  I 
•868697 
•862784 
•861872 
-860968 
•860056  I 
•859160 
-858246 
•857846 
•866445 


9-0891441 

9090187; 

9091228 

9-092266 

9-093802 

9-094336 

9  095367 

9096395 

9-097422 

9098446 

9-099468 

9-100487 

9-101504 

9102519 

9-103582 

9104542 

9-105550 

9-106656 

9-107559 

9-108560 

9109559 

9-110556 

9111551 

9112543 

9113583 

9114521 

9115507 

9^116491 

9^117472 

9H8452 

9  119429 

9-120404 

912137' 

9-122348 

9  123817 

9-124284 

9125249 

9126211 

9127172 

9-128130 

9^129087 

9-130041 

9-180994 

9-181944 

9182893 

9-188839 

9-184784 

9-136726 

9136667 

9-137605 

9188542 

9-189476 

9-140409 

9-141840 

9-142269 

9148196 

9^144121 

9145044 

9146966 

9-146885 

9147803 


Seennt.     M  Ootongent. 


1738 

1785 

1731 

1727 

1722 

1719 

1715 

1711 

1707 

1703 

1699 

1695 

1691 

1687 

1684 

1680 

1676 

1672 

1669 

1665 

1661 

1658 

1654 

1650 

1647 

1643 

1689 

1636 

1682 

1629 

1625 

1622 

161810 

1615,10 

leu'io 

1608  10 
1604*10 
1601,10 
159710 
169410 


GoUngent       Seenat. 


1691 

1687 
1684 
1681 
1677 
1674 
1571 
1667 
1564 
1661 


1658  lO^J 


1655 
1551 
1648 
1645 
1642 
1689 
1686 
1532 
1629 


-910856 

909818 

•908772 

•907734 

•906698 

905664 ,, 

004633. 

•903605 : 

902578 

901654 1 

900532 

899513 ! 

898496  j 

897481 

896468 ! 

896458 

-894450 

•898444 

892441 

891440 

890441 

889444 

888449 

887457 

886467 

885479 

884493 

888509 

882528 

881548 

880571 

879590 

878623 

877652 

876683 

875716 

874751 

878789 

872828 

871870 

870913 

869959 

869006 

868056 

867107 

866161 

865216 

864274 

863388 

862395 

-861458 

860524 

859691 

858660 

867781 

866804 

-856879 

854956 

-864034 

-868116 

862197 


•003249 

•003266 

003280 

008296 

•008312 

008327 

•008843 

003359;  27 

0033751  27 

008390  25 


Diir. 


003406 
003422 
003438 
003454 
003470 
003486 
003502 
•003518 
003535 
003551 
003567 
003588 
003600 
003616 
003632 
003649 
003665; 
•003682,  '2S 


003698 
003715 
003781 
-003748 
003765 
003781 
003798 
003815 
003832 
003849 
008866 
003883 


•003900  28 


•008917 

•003934 

•003951 

•003968 

•003985 

•004002 

•004020 

■004037|  28 

•004054;  28 

•004072 

•004089 

•004106 

•004124 

•004141 

■004159 

•004177 

•004194 

•004212 

•004229 

•004247 


Tangent  tl  Oo>ee»»t. 


9-99675]  60 
i9-99673o  59 
9-y96720  58 
9996701  o7 
9-996688  .56 
9-996673  -So 
9-996657  54 
9-996641  53 
9-996625  52 
:9-9966l0  ol 
i9-996594  50 
j9-99667S  49 
;9-99G562  48 
19-996546  47 
9-996530  46 
9-996514  45 
9-996498  44 
9-996482  43 
9-996465  42 
19-996449  41 
,9-996483  40 
9-996417  39 
9-996400  58 
9-996384  .37 
9-99636t>  36 
9-996851  3o 
9-996335  34 
9-99681S  33 
9-996302  ^2 
9-996285  31 
9-996269  ;^ 
9-996252  29 
9-996285  28 
9-996219  27 
9-996202  26 
9-996185  25 
9-996168  24 
9-996151  23 
9-996134  22 
9-996117  21 
9-996100  20 
9-996083  19 
9-996066  18 
9-996049  17 
9-996032  16 
9-996015  15 
9-995998  14 
9-995980. 18 
9-995963  12 
9995946  11 
9-995928*  10 
9-99591  li  9 
9-99o894 
9-995876 
9-99585y 
9-995841 
9-995823 
9-995806 
9-995788 
9-995771 
9-995753 


Siaa. 


8SK8S. 
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8DV0. 


{^;     Coieoant.        TMifent. 

047803 
•U8718 
•149682 
•160644 
•151464 
•152363 
•163269 
•164174 
•165077 
•166978 
•166877 
•167776 
•168671 
•169666 
•160467 
'161347 
•162236 
•168123 
•164008 
•164892 
•166774 
-166664 
•167632 
•168409 
•169284 
•170167 
•171029 
•171899 
•172767 
•178684 
•174499 
•176862 
•176224 
•177084 
•177942 
•178799 
•179666 
•180608 
•181860 
•182211 
•183069 
•183907 
•184762 
•186697 
•186439 
•187280 
•188120 
•188968 
•189794 
•190629 
•191462 
•192294 
•193124 
•193963 
•194780 
•196606 
•196430 
•197263 
•198074 
•198894 
•199718 


SMaat.     [^-!     Coiiae. 


Ma*. 


0. 
1 
2 
3 

4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
16 
16 
17 
18 
19 
•20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
81 
82 
83 
84 
86 
86 
87 
88 
89 
40 
41 
42 
43 
44 
46 
46 
47 
48 
49 
50 
51 
52 
58 
54 
55 
56 
57 
58 
59 
60 


•143656 
•144463 
•146349 
•146243 
•147186 
•148026 
•148916 
•149802 
-150686 
-151669 
•162451 
•163330 
•154208 
•155083 
•156967 
•156880 
•157700 
•168569 
•169485 
•160301 
•161164 
•162026 
•162885 
•163748 
•164600 
•165454 
•166807 
•167159 
•168008 
•168856 
-169702 
•170547 
•171389 
•172280 
•178070 
•173908 
•174744 
•175578 
•176411 
•177242 
•178072 
•178900 
•179726 
•180551 
•181374 
•182196 
•183016 
•183834 
•184651 
-185466 
•186280 
•187092 
•187903 
•188712 
•189619 
•190826 
•191180 
-191 938 
•192734 
•198684 
•194832 


Ooaina. 


1496 

1493 
1490 
1487 
1484 
1481 
1478 
1476 
1472 
1469 
1466 
1462 
1460 
1467 
1454 
1461 
1448 
1446 
1442 
1439 
1486 
1433 
1430 
1427 
1424 
1422 
1419 
1416 
1413 
1410 
1407 
1406 
1402 
1899 
1896 
1894 
1891 
1888 
1386 
1888 
1380 
1877 
1874 
1372 
1869 
1367 
1364 
1861 
1869 
1356 
1858 
1851 
1848 
1346 
1848 
1841 
1338 
1886 
1333 
1330 


866445 

856547 

854651 

•853757 

•852864 

•851974 

■861086 

860198 

849314 

848481 

^47549 

846670 

845792 

844917 

•844048 

843170 

842300 

841481 

840565 

839699 

838836 

837975 

837115 

886257 

835400 

-834646 

•833693 

832841  li  9 

831992  ji  9 

831144  !|  9 

880298;  9 

-829463 

828611 

827770 

826930 

826092 

825256 

824422 

823689 

822768 

821928 

821100 

820274 

819449 

818626 1|  9 

817804  19 

•816984 

816166 

815349 1 

8145841 

•8137201 

812908  i 

812097  i 

-81 1288 1 

810481 1 

809675 ! 

8088701 

808067  I 

807266 ; 

806466 ; 

805668 


Secant     1  Ootang«at. 


Diff. 
100" 


|10 
1526[10 
1523|l0 
1520,10 
1517110 
1514  10 
1611 
1608 


1505 
1502 
1499 
1496 
1493 
1490 
1487 
1484 
1481 
1478 
1475 
1473 
1470 
HOT 
1464 
1461 
1458 
1455 
1453 
1450 
1447 
1444 
1442 
1439 
1436 
1438 
1481 
1428 
1425 
1428 
1420 
1417 
1415 
1412 
1409 
1407 
1404 
1402 
1399 
1896 
1894 
1391 
1389 
1386 
1384 
1881 
1879 
1876 
1374 
1371 
1369 
1866 
1864 


Cotaageat 

85:^197 

•851282  i 

•850368 

•849466 

-848546 

•847687 

•846731 

845826 

-844923 

-844022 

-843123 

-842225 

•841329 

•840435 

•839543 

-838658 

•837764 

•836877 

'836992 

•835108 

-834226 

-883346 

•832468 

-881591 

-880716 

-829843 

-828971 

-828101 

•827233 

-826366 

■825501 

-824688 

•828776 

-822916 

•822058 

-821201 

-820345 

-819492 

•818640 

-817789 

-816941 

-816093 

-815248 

-814403 

-813561 

•812720 

-811880 

-811042 

•810206 

-809371 

-808588 

807706 

•806876 

•806047 

805220 

804894 

803570 

•802747 

801926 

801106 

800287 


Taagant 


•0U4247 
•001265 
•004283 
•004301 
•004319 
-004336 
•004354 
•004372 
•004390 
•004409 
•004427 
•004445 
•004463 
•004481 
•004499 
•004518 
•004586 
•004554 
•004578 
•004591 
•004610 
•004628 
•004647 
-004666 
-004684 
•004708 
-004722 
•004740 
•004759 
•004778 
•004797 
•004816 
•004835 
•004864 
•004873 
•004892 
•004911 
•004980 
•004949 
•004968 
•004987 
•005007 
•005026 
•005045 
•005065 
•005084 
•005104 
•005128 
•005148 
•005162 
•005182 
•005202 
•005221 
•005241 
-005261 
•005281 
•005300 
005820 
005840 
005860 
005880 


1 9  •9957*3^  00 
30  9-9U573f)j'59 
30  9-995717|l58 
30  9-995G91i|!57 
30  9-99o081i|56 
28  9-995664|.55 
30  9^99564Ci|54 
80  9-995628 ,53 


30  9995610 
32  ,9-996591 
30  9-995573 
80  9-995555 
80  9-995537 
80  ,9-996519 
30  9-995501 
32  9-995482 
30  ,9995464 
80  ;9'995446 
82  :9-995427 
30  .9^996409 
82  9995890 


30  '9^995872 
82  9-995858 
32  |9^996334 
80  9-995816 
32  i9^995297 
82  ,9^995278 
80  ,9^996260 
82  9-995241 
82  9-996222 
82  ,9-995203 
82  9-995184 


9^995166 

9^995146 

9^995127 

9-995108 

9^995089 

9-995070 

999505l! 

9^995082; 

9-995013 

9-9949981 

9-994974  *^ 

9-99495517 

9-994985!l6 


9^994916| 
9-994896 
9-994877 
9-994857 
9-994838 
9-994818 
9-994798 
9-9947791 
9^994759! 
9-994789i 
9994720, 
9-994700 
9994680 
9-994660! 
9-994640, 
9994620 


81  DEQ. 
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9  no. 


0 
1 
2 
8 
4 
6 
6 
7 
8 
9 
10 
11 
12 
18 
14 
16 
16 
17 
18 
19 
20 
21 
22 
28 
24 
25 
26 
27 
28 
29 
80 
81 
82 
88 
84 
85 
86 
87 
86 
89 
40 
41 
42 
48 
44 
45 
46 
47 
48 
49 
60 
61 
62 
68 
64 
66 
66 
67 
68 
69 
60 


9194882 

9-105129 

9-195925 

9-196719 

9-197611 

9198802 

9-199091 

9-199879 

9-200666 

9-201451 

9-202284 

0-208017 

9-203797 

9-204577 

9-206354 

9-206181 

9-206906 

9-207679 

9-208452 

9-209222 

9-209992 

9-210760 

9-211526 

9-212291 

9-218055 

9-218818 

9-214679 

9-215388 

^•216097 

9-216854 

9-217609 

9-218863 

9-219116 

9-219868 

9-220618 

9-221367 

9-222115 

9-222861 

9-228606 

9-224849 

9-225092 

9-226883 

9-226573 

9-22781 

9-228048 

9-228784 

9-229518 

9-280262 

9-280984 

9-281715 

9-282444 

9-238172 

9-288899 

9-28462> 

9-285349 

9-286078 

9-286795 

9-287515 

9*238285 

9-288968 

9 


2896701196 


Otff. 


1828 
1826 
1823 
1321 
1318 
1816 
1318 
1311 
1808 
1306 
1304 
1301 
1299 
1296 
1294 
1292 
1289 
1287 
1285 
1282 
1280 
1278 
1276 
1273 
1271 
1268 
1266 
1264 
1261 
1259 
1257 
1265 
1258 
1260 
1248 
1246 
1244 
1242 
1289 
1287 
1285 
1288 
1281 
1228 
1226 
1224 
1222 
1220 
1218 
1216 
1214 
1212 
1209 
1207 
1205 
1208 
1201 
1190 
1197 


-806668 
•804871 
•804075 
•808281 
•802489 
•801698 
-800909 
•800121 
-799884 
•798649 
•797766 
-796988 
•796203 
•796423 
•794646 
•793869 
•793094 
•792821 
•791648 
•790778 
•790008 
-789240 
•788474 
•787709 
•786945 
•786182 
-786421 
-784662 
-788908 
-783146 
•782391 
•781687 
•780884 
•780132 
-779382 
•778683 
•777886 
•777189 
•776394 
•776661 
•774906 
•774167 
•773427 
-772689 
•771962 
•771216 
•770482 
•769748 
•769016 
•768285 
•787656 
•766828 
•766101 
•766876 
•764661 
•768927 
•768205 
•762485 
•781766 
•761047 
•760380 


IMC 


9199713     10-800287 
9200529  1861  10-799471 


9-201845 
9^202169 
9202971 
9-203782 
9-204692 
9205400 
9-206207 
9-207018 
9^207817 
9-208619 
9-209420 
9210220 
9211018 
9^211815 
9-212611 
9-218405 
9-214198 
9-214989 
9^215780 
9-216668 
9-217866 
9-218142 
9-218926 
9-219710 
9-220492 
9221272 
9-222052 
9-222880 
9-228607 
9*224382 
9-225156 
9-225929 
9-226700 
9-227471 
9-228289 
9*229007 
9*229773 
9280689 
9281802 
9*282065 
9*232826 
9*238586 
9*284845 
9*286108 
9*285869 
9*286614 
9*287868 
9*288120 
9*238872 
9*289622 
9*240871 
9-241118 
9*241865 
9-242610 
9*248354 
9*244097 
9*244889 


9*246679  1284 


9*246819 


1869!  10-798656 
186610-797841 
1864t  10-797029 
1852|10-796218 
18491 10-796408 
1847' 10-794600 
13451 10-793793 
1342  10-792987 
1340!  10-792188 


SMABt. 


1888 
1835 
1883 
1881 
1828 
1826 
1824 
1821 
1319 
1817 
1815 
1812 
1810 
1808 
1806 
1803 
1801 
1299 
1297 
1294 
1292 
1290 
1288 
1286 
1264 
1281 
1279 
1277 
1275 
1273 
1271 
1269 
1267 
1265 
1262 
1260 
1258 
1266 
1264 
1262 
1250 
1248 
1246 
1244 
1242 
1240 
1288 
1236 


1282 


10-791881 
10-790680 
10-789780 
10-788982 
10-788185 
10-787389 
10-786595 
10-786802 
10-786011 
10784220 
10-783482 
10-782644 
10-781868 
10-781074 
10-780290 
10-779608 
10-778728 
10-777948 
10777170 
10-776393 
10*776618 
10-774844 
10-774071 
10-778300 
10-772529 
10-771761 
10-770993 
10-770227 
10*769461 
10-768698 
10-767985 
10*767174 
10766414 
10-765665 
10-764897 
10-764141 
10-768886 
10-762682 
10-761880 
10761128 
10-760378 
10-759629 
10-758882 
10-758185 
10-767890 
10^756646 
10-755908 
10-756161 
10-764421 
10-753681 


•006380 
-006400 
•006420 
•006440 
1005460 
-005481 
•005501 
•005521 
-005541 
J-005562 
-005582 
1-005602 
1-006623 
'1-006643 
1-006664 
•006684 
•005705 
j 006726 
I-006746 
-006767 
'-006788 
006809 
i-005829 
•006860 
1-005871 
-006892 
1-006918 
•006984 
•005956 
•008976 
-006997 
-006018 
•006040 
•006061 
-006082 
-006108 
-006125 
•006146 
-006168 
•006189 
■006211 
•006282 
•006254 
•006275 
-006297 
•006319 
•006840 
•006862 
•006884 
•006406 
-006428 
•006450 
•006472 
•006494 
•006616 
-006688 
•006660 
-006582 
•006604 
-006626 
•006649 


9-994620  60 
9-994600  59 
9-904580  lo8 
9-994560167 
9-994540  66 
9-994519>55 
9-994499 .54 
9-994479  '53 
9-994459 ,52 
9-994488  51 
9-994418 '50 
9-994398  49 
9-994377  48 
9-994367  |47 
9-994336  '46 
9-994816,46 
9994295'44 
9-994274  i43 
9-994254  42 
9-994283 141 
9-99421240 
9-994191  89 
9-994171 188 
9-994160.37 
9-994129 '36 
9-994108,36 
9-994087  34 
9-994066  38 
9-994046.32 
9-994024  i31 
9-994003  30 
9-99d982>29 
9-998960  28 


9-998989 


27 


9-998918-i26 


9-998897 

9-998875' 

999S864 

9-998882 

9-9988111 

999«789 

9-998768 

9-998746li 

9-998725 

9-9987081 

9^8681 

9998660^ 

9-998688 

9-998616 

9-998694111 

9-998672f|l0 

9-998550J  9 

9-998628' 

9-998606'< 

9-998484; 

9-998462< 

9-998440^1 

9-998418 

9-998896; 

9-998874, 

9-998361. 
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Tfcf  at. 
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61 


Dfff. 
100" 


Oateeant. 


TUfftnt. 


100»     OtttMfWit 


SeeAnt 


Diff. 
100" 


Ootia*. 


0 
1 
2 
8 
4 
6 
6 
7 
8 
9 
10 
11 
12 
18 
14 
16 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
80 
81 
82 
88 
84 
85 
86 
87 
88 
89 
40 
41 
42 
48 
44 
45 
40 
47 
48 
49 
60 
61 
62 
68 
64 
66 
66 
67 
68 
69 
60 


9-289670 
9*240886 
9-241101 
9-241814 
9-242626 
9-248287 
9-248947 
9-244656 
9-245868 
9-246069 
9-246776 
9-247478 
9-248181 
9*248888 
9-249588 
9-250282 
9-250980 
9-251677 
9-252878 
9*258067 
9*258761 
9-254458 
9-255144 
9-256884 
9-256528 
9-257211 
9*267898 
9-258583 
9*259268 
9-259951 
9*260688 
9-261814 
9*261994 
9*262678 
9-268851 
9*264027 
9*264708 
9-265877 
9*266061 
9*266728 
9267896 
9-268065 
9-268784 
9.26940J 
9.270069 
9-270736 
9*271400 
9-272064 
9*272726 
9*278888 
9*274049 
9-274708 
9*275867 
9-276026 
9*276681 
9-277887 
9-277991 
9-278646 
9-279297 
9-279948 
9-280599 


1198 
1191 
1189 
1187 
1185 
1188 
1181 
1179 
1177 
1175 
1178 
1171 
1169 
1167 
1165 
1168 
1161 
1159 
1158 
1156 
1154 
1152 
1150 
1148 
1146 
1144 
1142 
1141 
1139 
1187 
1136 
1188 
1181 
1180 
1128 
1126 
1124 
1122 
1120 
1119 
1117 
1116 
1118 

nil 

1110 
1108 
1106 
1106 
1103 
1101 
1099 
1098 
1096 
1094 
1092 
1091 
1089 
1087 
1086 
1084 


•760880 
759614 
-758899 
-768181 
•757474 
•766768 
•766068 
-755844 
•764687 
•753981 
-758226 
•762622 
•751819 
•761117 
•750417 
•749718 
•749020 
^748828 
-747627 
•746988 
-746289 
•745647 
•744856 
•744166 
•748477 
•742789 
-742102 
•741417 
•740782 
•740049 
•789367 
•788686 
•788006 
•787827 
•786649 
-785973 
•786297 
•784623 
•788949 
•788277 
•782605 
-781935 
-781266 
•730698 
-729981 
•729265 
•728600 
•727936 
-727274 
•726612 
•726951 
•726292 
-724638 
-728976 
•728319 
•722668 
-722009 
•721856 
•720708 
•720052 
•719401 


9-246819 
9-247057 
9-247794 
9-248580 
9249264 
9-249998 
9-260780 
9-251461 
9-252191 
9-262920 
9-258648 
9-254874 


1280 
1228 
1226 
1224 
1222 
1220 
1218 
1217 
1215 
1218 
1211 


9-25510Q  1209 


1207 
1206 
1208 
1201 


9-266824 

9-256647 

9-267269 

9-257990 

9^258710 

9^259429 

9-260146 

9-260863 

9-261678 

9-262292 

9-263005 

9-263717 

9-264428 

9-266138 

9-266847  ___ 

9-26666611179 

9-26726l|ll78 

9-267967'1176 

9*26867111174 

9-2693761172 


1200 
1198 
1196 
1194 
1192 
1190 
1189 
1187 
1186 
1188 
1181 


9-270077 
9-270779 
9-271479 

1  9-272178 
9-272876 
9-273673 
9-274269 
9-274964 
9-276658 
9-276851 
9-277043 

I  9-277784 
9-278424 
9-279113 

i  9-279801 
9-280488 

I  9-281174 

;  9-281868 

'  9-282642 
9-283226 

.  9-283907 
9-284588 
9-285268 
9-286947 
9-286624 
9^287801 
9-287977 
9-288662 


Cotangent 


1170 
1169 
1167 

1165 
1164 
1162 
1160 
1168 
1157 
1155 
1168 
1151 
1160 
1148 
1146 
1}45 
1148 
1141 
1140 
1138 
1136 
1135 
1133 
1131 
1180 
1128 
1126 
1125 


10-763681 
10-752943 
10-752206 
10-761470 
10-760786 
10-760002 
10-749270 
10-748689 
10-747809 
10-747080 
10-746362 
10-746626 
10-744900 
10-744176 
10-743463 
10-742781 
10-742010 
10-741290 
10-740571 
10-789854 
10-789187 
10-738422 
10-737708 
10-736996 
10-736283 
10-786572 
10-734862 
10-784153 
10-783446 
10-782789 
10-732033 
10-731329 
10-780626 
10-729923 
10-729221 
10-728521 
10-727822 
10-727124 
10-726427 
10-726781 
10-726036 
10-724842 
10-728649 
10^722967 
10-722266 
10-721676 
10-720887 
10-720199 
10-719512 
10-718826 
10-718142 
10-717458 
10-716776 
10-716093 
10-715412 
10-714782 
10-714053 
10-713376 
10-712699 
10-712023 
10-711848 


TM^at. 


-006649 
006671 
006693 
006716 
006738 
006760 
000788 
006805 
006828 
006851 
006873 
006896 
006919 
006941 
006964 
00698 
007010 
007083 
007066 
007079 
007102 
007126 
007148 
007171 
007194 
-007217 
007241 
0€g264 
007287 
•007311 
007384 
007367 
-007881 
007404 
007428 
007461 
007476 
007499 
007522 
007546 
007570 
007594 
007618 
007642 
007665 
007689 
007713 
007737 
007761 
007786 
007810 
007834 
007868 
007882 
007907 
007981 
007966 
007980 
•008004 
008029 
008053 


9-998351 
9-998829 
9-998307 
9-993285 
9-998262 
9-993240; 


9-993217 
9-993195 
9-998172 
9-993149 
9-998127 
9-998104 
9-998081 
9-993069 
9-993086 
9-993018 
9-992990 
9-992967 
9-992944 
9-992921 
9-992898 


9-992875'39 
9-992852138 
9-99282937 
9-992806:36 
9-992783f35 
9-992769I84 
9-992786;;33 
9-992713,82 
9-992690  81 
9-992666  80 


9-992643 

9-992619 

9-992596 

9-992572 

9-992549 

9-992526 

9-992501 

9-992478 

9-992454 

9-992480 

9-992406 

9-992882 

9-992858 

9-992335 

9-992811 

9-99228 

9-992268| 

9-992289 

9-992214 

9-992190| 

9-992166' 

9-992142 

9-9921181 

9-992093J 

9-992069 

9-992044 

9-992020, 

9-991996 

9-9919711 

9-991947 


86 


79  DBQ. 


52 
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0  19 

1  i9 


6:, 9 
6 1.  9 

7|9 


8 
9 

10 
11 
12 
18 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
80 
81 
82 
88 
84 
85 
86 
87 
88 
89 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
61 
52 
58 
54 
55 
56 
57 
58 
59 
60 


•280599 
•281248 
•281897 
•282544 
•283190 
•28388() 
•284480 
•286124 
•285766 
•286408 
•287048 
-287688 
■288326 
•288964 
•289600 
•290236 
•290870 
•291504 
•292137 
•292768 
•293399 
•294029 
•294668 
•295286 
•296913 
•296639 
•297164 
•297788 
•298412 


Diff. 
100" 


1082 
1081 
10791 
1077 
1076 
1074 
1072 
1071 
1069 
1067 
1066 
1064 
1063 
1061 
1069 
1068 
1056 
1064 
1068 
1051 
1050 
1048 
1046 
1046 
1043 
1042 
1040 
1039 


•299034  1037 
•299665  1036 
•800276  1034 
•300895  1032 
•301514  1031 
•302132  1029 
•302748  1028 
-303364  1026 
•303979  1025 
•804598  1023 
•805207  1022 
•306819  1020 
•806480  1019 
•307041  1017 
•807650  1016 
-808259  1014 
•808867  1013 
•809474  1011 
•310080  1010 
•810686  1008 
•3112891007 
•8118931006 
•812495  1004 
•313097  1003 
•313698  1001 
•814297  1000 
•814897  998 
•815495 
•316092 
(•316689 
•317284 
•317879 


997 
996 
994 
993 
991 


•719401 
•718752 
•718103 
•717456 
•716810 
•716164 
•715520 
•714876 
•714234 
•713692 
•712962 
•712312 
•711674 
•711036 
•710400 
•709764 
•709180 
•708496 
•707868 
•707232 
•706601 
•705971 
•706842 
•704714 
•704087 
•708461 
•702886 
•702212 
W1688 
•700966 
•700845 
•699724 
•699106 
•698486 
•697868 
•697262 
•696686 
•696021 
•696407 
•694798 
•694181 
■693570 
•692959 
•692350 
•691741 
•691183 
•690526 
•689920 
•689815 
•688711 
•688107 
•687605 
•686903 
•686802 
•686703 
•685103 
•684605 
•683908 
•683311 
•682716 
•682121 


Tuigmt. 


9^288652 
9-289826 
9-289999 
9-290671 
9^291842 
9-292013 
9-292682 
9^298360 
9^294017 
9-294684 
9-295349 
9-296013 
9-296677 
9-297339 
9-298001 
9-298662 
9-299322 
9-299980 
9-800638 
9-301295 
e-801951 
9-802607 
9-803261 
9-808914 
9-804667 
9-806218 
9-806869 
9-806619 
9807168 
9-807816 
9-808463 
9-309109 
9^809754 
9-810898 
9-811042 
9-811685 
9-812827 
9-812967 
9-818608 
9-314247 
9-814886 
9-815623 
9-816159 
9^816796 
9-817480 
9^818064 
9-818697 
9-819329 
9-310961 
9-320592 
9^821222 
9^821861 
9-822479 
9-828106 
9-828738 
9-824358 
9-324983 
9-325607 
9-826231 
9^326853 
9-827476 

Cotaagaot.  t 


Dlff. 
100* 


1123 
1122 

1120 
1118 
1117 
1115 
1114 
1112 

nil 

1109 
1107 
1106 
1104 
1103 
1101 
1100 
1098 
1096 
1095 
1093 
1092 
1090 
1089 
1087 
1086 
1084 
1083 
1081 
1080 
1078 
1077 
1075 
1074 
1078 


Ootaogent. 


10^711848 
10-710674 
10-710001 
10-709329 
10-708658 
10-707987 
10-707318 
10-706660 
10-705983 
10-705316 
10-704651 
10-708987 
10-708323 
10-702661 
10^701999 
10701338 
10-700678 
10-700020 
10-699362 
10-698706 
10-698049 
10-697393 
10-696739 
10-696086 
10-696433 
10-694782 
10-694131 
10^698481 
10^692882 
10^692185 
10-691537 
10-690891 
10-690246 
10-689602 
10-688958 


1071  10-688316 
1070,10-687673 
106810-687038 


1067 
1065 
1064 
1062 
1061 
1060 
1068 
1057 
1055 
1054 
1058 
1061 
1060 
1048 
1047 
1045 
1044 
1048 
1041 
1040 
1039 
1087 
1086 


10-686892 
10'685753 
10^6851 15 
10^684477 
10-683841 
10-688206 
10^682570 
10^681936 
10^681803 
10^680671 
10-680039 
10-679408 
10-678778 
10-678149 
10-677521 
10-676894 
10-676267 
10-675642 
10-675017 
10-674393 
10-678769 
10-678147 
10-672525 


Taagant. 


•008053 
•008078 
•008103 
•008127 
•008152 
•008177 
-008201 
-008226 
•008251 
■008276 
•008301 
•00832(1 
-008851 
008876 
008401 
•008426 
-008451 
•008476 
j-008502 
-008627 
>-008552 
•008578 
•008608 
-008628 
-008654 
-008679 
•008705 
-008780 
-008766 
-008782 
•008807 
-008833 
•008859 
-008885 
•008910 
-008986 
•008962 
•008988 
•009014 
-009040 
-009066 
-009092 
•009118 
•009145 
•009171 
009197 
009228 
-009250 
009276 
•009308 
009829 
009855 
-009882 
-009409 
009485 
009462 
-009489 
•009615 
009542 
009569 
•0095% 


9-991947  60 
9-991922  69 
9-991897  68 
9-991873  67 
42  9-991848  66 
42  9-991823  65 
40  9-991799  64 
42  9-991774  68 
42  .9-991749  62 
42  9-991724  61 
42  I9-991699  60 
42  9-991674  49 
42  9-991649  48 
42  9-991624  47 
42  {9-991599  46 
42  }9-991574  45 


9-991649  44 
9-991524 148 
9-991498  i42 
9-991473  41 
9-991448  40 
9-991422  39 
9-991397  »3d 
9-991872  37 
9-991346  36 
9-991821  35 
9-991296  84 
9-991270  33 
9-991244!  32 
9-991218.81 
9-991198  30 
9-9911671-29 
9-99114lh28 


43  9-991115-27 

42  19 -991090: -26 

43  19-991064  !26 
4319-991088124 
48  9-991012  28 
43  19-990986  22 
43  j9-990960  21 


9-990984  20 

9-990908  19 

9-990882  18 

9990855  17 

9-990829  16 

9-990803  15 

9-990777(14 

9-990750)  13 

9-990724|;i2 

9-990697 

9-99067] 

9-990646| 

9-990618 

9-990591 

9-990565 

9-990588: 

9-990511}. 

9990486 

9-9904581 

9-990481 

9-990404 
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84  I 
85' 
86 
87 
88 
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40 
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•42! 
48 
44 
45 
46 
47 
48 
49 
50 
51 
62 
68 
64 
65 
66 
57 
68 
69 
60 


817879 
818473 
319066 
319658 
820249 
320840 
321480 
322019 
322607 
323194 
323780 
324366 
324950 
825584 
826117 
826700 
327281 
827862 
828442 
329021 
829599 
330176 
330758 
331829 
331908 
832478 
333051 
338624 
334195 
33476' 


335906 
336475 
337043 
337610 
338176 
338742 
339307 
389871 
840434 
-340996 
341558 
342119 
■342679 

■O-itillo'J 

'848797 
344355 
•344912 
-345469 
■346024 
•846579 
■347184 
-347687 
848240 
-848792 
-349343 
-849898 
-350443 
-350992 
-851540 
-352088 


Diff. 
100" 


990 

988 
987 
986 
984 
988 
982 
980 
979 
977 
976 
975 
978 
972 
970 
969 
968 
966 
966 
964 
962 
961 
960 
958 
957 
956 
954 
953 
952 
960 
949 
948 
946 
945 
944 
948 
941 
940 
939 
937 
936 
936 
934 
032 
931 
930 
929 
927 
926 
925 
924 
922 
921 
920 
919 
917 
916 
916 
914 
913 


Taagast. 


682121 

681627 

680984 

680342 1 1 

■679751  I 

679160 

•678570 

677981 

•677898 

676806 

676220 

675684 

675060 

674466 

678883 

678800 

672719 1 1 

672188  I 

671558!' 

6709791] 

•670401  j 

•669824  ' 

•66924711 

•66867111 

•668097 1 ' 

667622  !i 

-666949 1{ 

•666376 1! 

666805 'i 

665233;; 

664663 1 1 

664094;  I 

663525'' 

0629571' 

662390  ; 

661824 1| 

66125811 

660693,1 

•660129!; 

659566,1 

659004!; 

•658442! 

•667881 II 

657321  !| 

•666761  I 

•666203 

•656645 

•665088 

•654581 

•663976 

•668421 

•652866 

•662313 

•651760 

•6512081 

•660657 ! 

•660107  I 

•649567  I 

•649008. 

•648460  i 

•647912; 


SeoADt. 


9-327474 
9-828096 
9-828715 
9-829884 
9-829963 
9-380670 
9-881187 
9^831803 
9-882418 
9-838033 
9-883646 
9-884269 
9-834871 
9-835482 
9-886093 
9-886702 
9-837811 
9-887919 
9-838627 
9-839138 
9-839789 
9-340844 
9-340948 
9-841562 
9-842165 
9-842767 
9-848358 
9-843958 
9-844558 
9-346157 
9-345756 
9-846858 
9-346949 
9-847545 
9-348141 
9-348785 
9-349329 
9-349922 
9-850614 
9-351106 
9^851697 
9^852287 
9-352876 
9-353466 
9-354053 
9-354640 
9-856227 
9-855813 
9-866898 
9-866982 
9-867666 
9^858149 
9-868781 
9-869818 
9-359893 
9-360474 
9-361053 
9-861682 
9-862210 
9-362787 
9-363864 


100" 


OotangMk 


1035! 

1083 

1082 

1080 

1029 

1028 

1026 

1026 

1024 

1023 

1021 

1020 

1019 

1017 

1016 

1015 

1018 

1012 

1011 

1010 

1008 

1007 

1006 

1004 

1003 

1002 

1001 

999 

998 

997 

996 

994 

998 

992 

991 

990 

988 

987 

986 

985 

983 

982 

981 

980 

979 

977 

976 

976 

974 

978 

971 

970 

969 

968 

967 

966 

965 

968 

962 

961 


10-672526 
»J10-671905 
10-671285 
ilO-670666 
10-670047 
10-669480 
10-668813 
10-668197 
10-667582 
10-666967 
10-666864 
10^665741 
10-666129 
10-664618 
10-663907 
10-668298 
10-662689 
10-662081 
10-661473 
10-660867 
10-660261 
10-659666 
10-669052 
10-658448 
10-657848 
10-657248 
10-656642 
10-656042 
10-655442 
10-654848 
10-664246 
10-658647 
10-658061 
10-652455 
10-661859 
10-651265 
10-660671 
10-650078 
10-649486 
10-648894 
10-648308 
10-647713 
10-647124 
10-646536 
10-645947 
10-645360 
10^644773 
10-644187 
10-648602 
10-643018 
10-642484 
10-641861 
10-641269 
10-640687 
10640107 
10-689626 
10-688947 
10-638368 
10-687790 
10-637218 
10-686636 


CoUngett 


8«CMt 


-009596 
-009622 
-009649 
-009676 
•009708 
-009780 
-009757 
-009786 
-009812 
•009839 
•009866 
-009898 
•009921 
•009948 
•009976 
•010003 
-010030 
•010068 
-010085 
■010118 
-010140 
-010168 
-010196 
-010228 
-010261 
•010279 
-010807 
•010336 
-010868 
-010390 
-010418 
-010447 
•010476 
-010603 
-010581 
•010559 
-010587 
-010616 
-010644 
-010672 
-010700 
•010729 
•010757 
-010786 
•010814 
•010843 
-010872 
•010900 
-010929 
•010958 
•010986 
•011016 
•011044 
•011078 
•011102 
•011181 
•011160 
•01U89 
011218 
011247 
•0112761 


9-990404'60 
9^990878t59 
9-990361;58 
9^990824|'57 


9^990297  56 
9-990270156 
45 19-990243 ,54 
47  9-990215163 
46  9-990188,|52 
45,9-990161151 

46  19-990184 ,50 
45  9-990107il49 

47  9-990079i;48 
45  9-990062 147 


46  :9-990025 

47  9-989997 


46  ,9^989970  44 


47  ;9-989942 
45  9^989915 
47  9^98988' 
45  9-989860 
47  .9-989882 
47  9-989804 
45  9-989777 


47  9-989749 136 


47  9-989721 
47  9-989693 
47  9-989665 
47  9-96968' 


45  9-989610 '31 


47  9-989582 

48  9-989553 


TaiMtCDt.      I  CoKOnt.  I 


9-989625  28 

9-989497 127 

9-989469'!26 

9-9894411126 

9-989413124 

9-989885  !28 

9-989356  '22 

9-989328 121 

9-989300  '20 

9-989271,1 19 

9-989248  18 

9-989214  17 

9-989186  16 

9.989157i[16 

9^989128  jl4 

9-989100U8 

9-989071,12 

9-989042  11 

9-989014  10 

9-988985 

9-988956 

9-988927' 

9-988898 

9-988869, 

9-988840 

9-988811 

9-988782 

9-988753 

9-988724 
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IX)OARITHHIO  6IKES.  STO. 


IS  no. 


/ 

«M. 

Dtr 

100" 

OotMtat. 

Ttaffwt. 

100» 

OotaagsBt. 

^ 

100* 

CMilM. 

60' 

0 

9-852088 

•647912 

9-368864 

10-636686 

-011276 

0-988724 

1 

9-862685 

911 

•647866 

9-868940 

960 

10-686060 

•011805 

48 

9-988695 ,59 

2 

9-863181 

910 

•646819 

9-364515 

959 

10-686485  ;011834 

48 

998866GL58 

8 

9-868720 

909 

•646274 

9-865090 

968 

10-684910  '•011804 

60 

9-988636  57 

4 

9-864271 

908 

•646729 

9-866664 

967 

10-684336  '-011898 

48 

9-988607'  56 

5 

9-861815 

907 

•646186 

9-866287 

965 

10-683768  1-011422 
10-633190  '•011452 

48 

9-988578  55 

6 

9-855858 

905 

•644642 

9-866810 

964 

60 

9-988548154 

7 

9-856901 

904 

-644099 

9-867882 

;)58 

10-632618  !-0n481 

48 

9-988519  53 

i   ^ 

9-856443 

903 

-648557 

9-86796d 

952 

10-632047  ;-0n511 

60 

9-988489 ,52  ; 

9 

9-856984 

902 

•643016 

9-868524 

951 

10-681476 

1-011540 

48 

9-988460'51 

10 

9-857524 

901 

•642476 

9-869094 

950 

10-630906  1-011670 

50 

9-988430  50 

11 

9-858061 

899 

•641986 

9-869663 

949 

10-630887  -011599 
10-629768  '-011629 

48 

9-988401  49 

12 

9-868603 

898 

•641397 

9-870282 

948 

60 

9-988371 148 

18 

9-859141 

897 

•640859 

9-870799 

946 

10-629201  -011668 

48 

9-988342'47 

14 

9-859678 

896 

•840322 

9-871367 

945 

10-628633 

-011688 

50 

9-988312  46 

16 

9-860215 

895 

•639785 

9-871988 

944 

10-628067 

1-011718 

60 

9-988282  45 

16 

9-860752 

898 

•689248 

9-872499 

943 

10-627601 

1-011748 

60 

9-988252 144 

17 

9-861287 

892 

•638718 

9*878064 

942 

10-626986 

-011777 

48 

9-988223  48 

18 

9-861822 

891 

•688178 

9-378629 

941 

10-626871 

•011807 

60 

9988193 '42 

19 

9-862856 

890 

687644 

9-874198 

940 

10-625807 

-011837 

50 

9-988163141 

1  20 

9-862889 

889 

•687111 

9-874756 

939 

10-625244 

i -01 1867 

60 

9988133'40 

21 

9-868422 

888 

•686678 

9-376819 

988 

10-624681 

-011897 

60 

9-9&8103 ,39 

22 

9-868954 

887 

•686046 

9-875881 

937 

10-624119 

-011927 

60 

9-988073'38 

23 

9-864485 

885 

•635515 

9-876442 

935 

10-628558 

-011957 

60 

9-988043  i37 

24 

9-865016 

884 

•684984 

9-877003 

934 

10-622997 

•011987 

50 

9^988013  36 

25 
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883 

•684454 

9-377668 

988 

10-622437 
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60 

9-987983  35 
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882 

•688925 

9-878122 

982 
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60 

9-987953  34 

t  27 

9-866604 

881 

•688896 

9^878681 

931 

10^621819 

•012078 

62 

9-987922  38 

1  28 

9-867181 

880 

•632869 

9^879239 

930 

10-620761 

-012108 

60 

9-987892  32 

1  29 

9-867659 

879 

•632841 

9879797 

929 

10-620203 

•012188 

60 

9-987862  i3l 

'  80 

9-868185 

878 

•681815 

9-880854 

928 

10-619646 

-012168 

60 

9-987832  30 

81 

9-868711 

876 

•631289 

9-880910 

927 

10-619090 

-012199 

62 

9-987801  !29 

82 

9-869286 

875 

•680764 

9-381466 

926 

10-618584 

-012229 

60 

9-987771  28 

83 

9-869761 

874 

•630239 

9-882020 

925 

10-617980 

-012260 

62 

9-987740  27 

84 

9-370285 

873 

•629715 

9-882675 

924 

10-617425 

•012290 

50 

9-987710 126 

86 

9-870808 

872 

•629192 

9-888129 

923 

10-616871 

-012321 

62 

9-987679  25 

36 

9-871«30 

871 

•628670 

9-388682 

922 

10-616318 

-012851 

60 

9-987649  t-J4 

1  87 

9-871852 

870 

•628148 

9-884234 

921 

10-615766 

•012382 

62 

9^98761 8''23 

1  88 

9-872873 

869 

•627627 

9-384786 

920 

10-615214 

•012412 

50 

9^987588  22 

89 

9-872894 

867 

•627106 

9-386387 

919 

10-614668 

-012443 

52 

9-987557:'21 

1  40 

9-873414 

866 

•626586 

9-885888 

918 

10-614112 

•012474 

52 

9-987626  20 

.  41 

9-378933 

865 

•626067 

9-386488 

917 

10-618562 

•012504 

60 

9-987496!'l9 

t  42 

9-874452 

864 

•625548 

9-386987 

916 

10-618018 

•012585 

52 

9-987465 !18 

1  48 

9-874970 

863 

•625030 

9-387536 
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9-442685 

781 

•557466 

9-469876 

791 

10-540126 

-017340 

60  9-9826^0  .",.'> 

6 

9-442973 

730 

•667027 

9-460349 

790 

10-539651 

-017376 

60  9^9826i.'4  54 

7 

9-443410 

729 

-556590 

9-460823 

790 

10-639177 

•017413 

62  9-982587  53 

8 

9-443847 

728 

-556153 

9-461297 

789 

10-538708 

-017449 
-017486 

60  9^98255l'o2 

9 

9-444284 

727 

-656716 

9-461770 

788 

10-588230 

62  9^982614  51 

10 

9-444720 

727 

-566280 

9-462242 

788 

10-687758 

•017528 

62  9-982477;  50 

11 

9-445155 

726 

-554845 

9-462714 

787 

10-687286 

•017559 

60  9-982441;  49 

12 

9-445690 

726 

-554410 

9-468186 

786 

10-536814 

-017596 

62  9-982404  48 

18 

9-446025 

724 

-553975 

9-463658 

785 

10-636342 

-017638 

62  9  9823071  47 

14 

9-446459 

723 

-553541 

9^464128 

786 

10-685872 

•017669 

60  9-982331!  46 

16 

9-446893 

723 

-563107 

9^464599 

784 

10-585401 

•017706 

62  9-982294  46 

16 

9-447826 

722 

-562674 

9^465069 

783 

10-634981 

-017748 

62  9-982257  44 

17 

9-447769 

721 

-562241 

9-465639 

783 

10-534461 

•017780 

62  9-982220  ;43 

18 

9-448191 

720 

-561809 

9-466008 

782 

10-688992 

•017817 

62  9-982183  42 

19 

9-448623 

720 

-551377 

9-466476 

781 

10-533524 

•017854 

62  9-982146141 

20 

9-449064 

719 

-560946 

9-466946 

780 

10-538055 

•017891 

62  9-982109|l40 

21 

9-449485 

718 

-560516 

9-467418 

780 

10-632587 

•017928 

62  9^982072!  39 

22 

9-449916 

717 

-660086 

9-467880 

779 

10-632120 

-017965 

62  9-982035j  38 

23 

9-460846 

716 

-549666 

9-468347 

778 

10'531663 

-018002 

62  '9-981998  87 

24 

9-450776 

710 

-649225 

9^468814 

778 

10-581186 

•018089 

62  9-98l96l|36 

25 

9-451204 

716 

-548796  '  9-469280 

777 

10-680720 

•018076 

62  ,9981924:35 

26 

9-451632 

714 

•548868 

1 9-469746 

776 

10-530264 

•018114 

68  ,9^981886|  34 

27 

9-452060 

713 

•547940 

9-470211 

775 

10-529789 

•018161 

62  9-981849  33 

28 

9-462488 

713 

-547512 

9-47067(5 

776 

10-529324 

-018188 

62  9-98l812,;32 

29 

9-462915 

712 

•547086 

19-471141 

774 

10-628859 

•018226 

63  9-981774  31 

80 

9-468342 

711 

•546668  9-471606 

778 

10-628396 

•018263 

62  9-981787  '30 

81 

9-458768 

710 

-546232 

9-472068 

773 

10-627982 

-018300 

62  9-981700,29 

82 

9-464194 

710 

-545806 

9-472632 

772 

10-527468 

•018338 

63 

9-981662,28 

88 

9-464619 

709 

-546381 

9-472996 

771  10-6270061 

-018375 

62 

9'981625;,27 

84 

9-455044 

708 

-544956 

9-478457 

771 

10-526648 

-018418 

63 

9-981587  26 

85 

9^66469 

707 

•544581 

1 9-473919 

770 

10-626081 

•018451 

68 

9-981549  25 

36 

9-456898 

707 

•544107 

;  9-474381 

769 

10-525619 

•018488 

62 

9-981512  24 

87 

9-466316 

706 

•648684 

9-474842 

769 

10-526158 

-018526 

68 

9-981474  28 

88 

9-466789 

706 

•543261 

9-475308 

768 

10-524697 

-018564 

68 

9-981436  ,22 

89 

9-457162 

704 

•542888 

9-475763 

767 

10-524287 

-018601 

62 

9-981899  21 

40 

9-457584 

704 

-542416 

19-476228 

767 

10-523777 

-018689 

63 

9-981361  20 

41 

9-468006 

703 

-541994 

9-476683 

766 

10-623317 

•018677 

63 

9-981323  ,19 

42 

9-458427 

702 

•641673 

9-477142 

765 

10-622858 

•018716 

68 

9-981285 18 

43! 

9-458848 

701 

•541162 

9-477601 

766 

10-622399 

-018758 

68 

9-981247, 17 

44 

9-459268 

701 

-540732 

,  9-478059 

764 

10-521941 

-018701 

63 

9-981209  16 

45 

9-469688 

700 

-540312 

1 9-478617 

763 

10-521483 

-018829 

63 

9-981171 

15 

46 

9-460108 

699 

•5898921  9-478975] 768 

10-521026 

-018867 

68 

9-981183 

14 

47 

9-460527 

698 

-539478  i  9-4794821  762 

10-620568 

-018905 

68 

9-981096 

18 

48 

9-460946 

698 

-639064 

19-479889 

761 

10-520111 

•018943 

68 

9-981057|il2 

49 

9-461364 

697 

-63863G 

9-480846 

761 

10-519656 

-018981 

63 

9-981019'|ll 

50 

9-461782 

696 

•638218 

9-480801 

760 

10-619199 1 

-019019  63 

9-98098l;'l0 

51 

9-462199 

696 

•687801 

9-481267 

759 

10-618743 1 

•019058  65 

9980942, 

9 

52 

9-462616 

696 

•537384  !  9-481712,' 759 

10-518288 

-019096  63 

9980904' 

8 

53 

9-463082 

694 

•586968 

19-482167  768 

10-617833  |-019184|  68 

9^980866, 

7 

54 

9-468448 

693 

•586552 

9  482621  767 

10-617379  !-019173  65 

9-980827' 

6 

55 

9-463864 

693 

•536136 

9-483076  767 

10-616926;-0192Ill63 

9-980789 

5 

56 

9-464279 

692 

•535721 

9-4835291  766 

10-516471  019250  65  19-980750 

4 

57 

9-464694 

691 

-586306 

9-488982 

756 

10-616018  -019288  63  19-980712 

8 

58' 

9-465108 

690 

-534892 

9-484436 

765 

10-515665  -0198271  65  9-980673 

2 

59  9-466622 

690 

•534478 

9-484887 

764 

10-516113  -019365' 63  9-980635 

1 

60 !  9-466935 

689 

•534066 

9-485339|  763 

10-514661 ' -019404;  66  9-980596  j  0 

'  li   foiino. 

bacADt.  >!  CoUog«Qt.  1 

Tangent.   >  CoMoant.  1    {   8iae.     ' 

73  DEQ. 
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17  DKO. 


LOOABITHMIC  8INI8>  BTC. 


8iBS. 


0 ;  9-465935 

1  I  9-466348 

2  l|  9-466761 
8  ;  9-467173 
4 !  9-467685 
6 ;  9-467996 
6  ,9-468407 


Diir. 

WW"  I 


Ooefomnt 


688 
688 
687 
686 
686 
685 
684 
688 


7 !,  9-468817 

81  9-469227  

9  19-469637  683 

10  9-470046  682 

11  9-470455 
12 ;  9-470868 

9-471271 
9-471679 
9-472086'  678 
9-472492  678 
9-472898  677 
;  9-478804!  676 
9-473710i  676 
9-474116  675 
9-474519!  674 


681 
680 
680 
679 


9-474923 
9-476327 
9-475730 
9-476183 

26  ll  9-470536 

27  'I  9-476938 
28 ,  9-477340 
29  '1 9-477741 
soil  9-478142 
81  ,,9-478542 
82 '19-478942 
33  ||  9-479342 
34 1  9-479741 

9-480140 
9-480539 
9-480987 
9-481334 
9-481731 
9-482128 
9-482525 
9-482921 
9-483316 
9-483712 
9484107 
9.484501 
9.484895 
9-486289 
9-485682 
9-486076 
9-486467 
9-486860 
9-487261 
9-487643 
9488034 
9-488424 
9-488814 
9-489204 
9489593 
9-489982 


35  I 

36, 

37 

88 

89 

40 

41 

42 

^^! 
44 

45 

46 
47 

48 
49 
60 

61 1 

62 

63 

64; 

65 , 

66  I 

67 

68  I 

69 

60 


Cosiao. 


674 
673 
672 
672 
671 
670 
669 
669 
668 
667 
667 
666 
665 
665 
664 
663 
663 
662 
661 
661 
660 
669 
659 
658 
657 
657 
656 
655 
655 
664 
653 
653 
652 
651 
651 
650 
650 
649 
648! 


•684066 
•688662 
-683239 
•632827 
•532416 
•682004 
•631693 
•631188 
-630773 
•680863 
•629964 
•629546 
•629187 
•528729 
•628321 
-627914 
•627608 
•627102 
•526696 
•526290 
•625885 
-525481 
•625077 
•524673 
-524270 
-523867 
•623464 
•523062 
-622660 
•522259 
-521858 
•5214.58 
-521058 
•520658 
•620259 
•519860 
•519461 
•619063 
•518666 
•518269 
•517872 
•6174T5 
-517079 
•616684 
•616288 
•615893 
•615499 
•616105 
•614711 
-614318 
•613925 
-613533 
•613140 
-512749 
•512357 
•511966 
•511576 
-611186 
•510796 
-510407 
■510018 


Tuifent. 


Dlff. 
100" 


9-486839 

9-486791 

9-486242 

9-486698 

9-487148 

9-487698 

9-488043 

9-488492 

9-488941 

9-489890, 

9-489838| 

9-490286 

9-490783 

9-491180! 

9-491C27| 

9-492078| 

9-492619. 

9-4929661 

9-4984101 

9-498854I 

9-494299 

9-494748 

9-496186 

9-495630 

9-496073 

9-496516 

I  9-4969571 

9-497399 

9^497841 

9-4982821 

'  9-4987221 

9-499163; 

9-499603' 

'  9-500042! 

9-500481 : 

'  9-600920: 

I  9-501359. 

,  9-501797 

I  9-502235 

1  9-502672 

9-603109 

9-503546 

I  9-503982, 

.  9-504418' 

9-504854! 

]  9-505289 

I  9-605724 

9-606169 

I  9-506593 

,  9-507027 

,  9-607460 

;  9-507893 

9-508326 

9  •608759 

9-509191 

9-509622 

9-510064| 

I  9-610485 

9-610916 

,  9-511346 

9-511776 


!  -. 


763 

762 
761 
761 
760 
749 
749 
748 
747 
747 
746 
746 
746 
744 
744 
748 
748 
742 
741 
740 
740 
739 
739 
738 
737 
737 
736 
736 
736 
784 
734 
733 
733 
732 
781 
781 
730 
730 
729 
728 
728 
727 
727 
726 
725 
725 
724 
724 
723 
722 
722 
721 
721 
720 
719 
719 
718 
718 
717 
717 


OciMMgnt. 


I      Secapt.         Cot«nK«nt.  | 


514r>61 
•614209 
618758 
618307 
612867 
•612407 
611957 
611508 
611069 
610610 
610162 
609714 
609267 
608820 
608878 
607927 
607481 
607035 
606690 
606146 
605701 
605257 
604814 
604370 
608927 
603485 
603043 
502601 
602169 
601718 
601278 
600837 
600897 
499958 
499519 
499080 
498641 
-498203 
'497765 
'497828 
'496891 
496454 
•496018 
•496582 
495146 
•494711 
•494*276 
493841 
•493407 
•492973 
492540 
•492107 
•491674 
491241 
490800 
490378 
489940 
489516 
489084 
488654 
488224 


•019404 
-019442 
-019481 
•019520 
•019558 
019597 
019636 
019676 
•019714 
•019753 
-019792 
•019881 
1-019870 


019909 


Dir.t 


019948! 

019988 

020027 

020066 

-020105 

020146 

020184 

020224 

020268 

020308 

020342 

020382 

020421 

020461 

020501 

020541 

020580 

•020620 

! -020660 

! -020700 

-020740 

-020780 

-020820 

-020860 

•020900 

-020941 

•020981 

•021021 

•021061 

•021102 

•021142 

•021183 

•021223 

•021268 

-021804 

•021346 

•021385 

•021426 

•02146' 

•02160' 

-021548 

•021689 

-021630 

•021671 

-021712 

•021763 

•021794 


Tang«Qt.  [ 


;9-9805»6  CO 
68  9-98056b'59 
65  9-980519  o8 
65  9-980480  57 
63  ,9-980442  56 
65,9-980408  55 
65  9-980364  54 
65  9-980325  53 
65  9-980286  52 
65  0-980247  51 

65  9-980208  50 

66  9-980169  49 

66  9-980130  48 
65  .9980091  47 
65  9-980052  46 

67  ;99800r2  45 
65  .9-979973  44 
65  :9-979934  43 

65  9-979895  42 
67  |9-979855  41 

66  {9 -979816  40 

67  ;9-979776  39 
65,9-979737  38 
67  |9-979697  37 
65  9-979058  36 
67  j9  979618  35 
65  |9-979579  34 
67  ,9-979539  33 
67  9-979499,32 
6719-979459.31 
65  19-979420  30 
67  |9-9793S0  29 

9-979340  28 
9-979300  27 
9979260  26 
9979220  -25 
9-979180  24 
9979140  23 
9979100.22 
9-979059  21 
9-979019  20 
9-978979  19 
9-978939  18 
9-978898  17 
9-978858'l6 
9-978817  15 
9-978777  14 
9-978737  13 
9-978696  12 
9-978655, 11 
9-978615!;i0 


9-978574 1  9 
68;9-978o33!  8 
7 
6 
5 
4 
3 
2 
1 
0 

Si—. 
72i>sfi. 


9-978493 
9-978452 
9978411! 
68 19-978370 
68  9-978329 
68  ;9^978288^ 
68  |9^978247| 
68  19-978206; 


IS  DKO. 


LOaABITHUIO  SINSBy  STO. 


69 


' 

SiaM. 

Dur. 

100" 

Co^c-t. 

TMig«nt 

Oiff. 
iOO* 

Ootutent. 

8«eMt 

Diir. 

100' 

OodM. 

iiO" 

0 

9-489982 

•610018 

9-611776 

10-488224 

-021794 

9^978206 

1 

9-490371 

648 

•609629 

9-512206 

716 

10-487794 

-021886 

68 

9^978165 

59 

2 

9-490759 

648 

•609241 

9-512685 

716 

10-487866 

-021876 

68 

9^978124 

58 

3 

9-491147 

647 

•608863 

9-618064 

716 

10-486986 

-021917 

68 

9^978083 

57 

4 

9-491535 

646 

•608465 

9-618498 

714 

10-486507 

•021968 

69 

9^978042 

56 

6 

9-491922 

646 

•608078 

9-618921 

714 

10-486079 

-021999 

69 

9^978001 

56 

6 

9-492808 

646 

•607692 

9-514849 

718 

10-486651 

•022041 

69 

9^977969 

54 

7 

9-492695 

644 

•607305 

9^614777 

718 

10-486223 

•022082 

69 

9^977918 

58 

8 

9-498081 

644 

-606919 

9-616204 

712 

10-484796 

•0-22128 

69 

9-977877 

62 

9 

9-498466 

648 

•506534 

9-516631 

712 

10-484869 

-022165 

69 

9-977885 

51 

10 

9-498851 

642 

606149 

9-516057 

711 

10-488943 

•022206 

69 

9-977794150 

11 

9-494286 

642 

•605764 

9-516484 

710 

10-488516 

•022248 

69 

9-977762  49 

12 

9-494621 

641 

•606879 

9-616910 

710 

10-488090 

•022289 

69 

9-977711 

48 

18 

9-495005 

641 

-604995 

9-617835 

709 

10-482666 

•022331 

69 

9-977669 

47 

14 

9-495888 

640 

.604612 

9-517761 

709 

10-482239 

!^022372 

69 

9-977628 

46 

16 

9-495772 

639 

•504228 

9-518185 

708 

10-481815 

1022414 

69 

9-977586 

45 

16 

9-496164 

689 

•608846 

9-618610 

708 

10-481890 

•022466 

69 

9-977644 

44 

17 

9-496587 

688 

•608463 

9-519084 

707 

10-480966 

•022497 

70 

9-977503 

43 

18 

9-496919 

637 

•603081 

9-619458 

706 

10-480542 

■•022639 

70 

9-977461  42 

19 

9-497301 

637 

.602699 

9-519882 

706 

10-480118 

•022681 

70 

9-977419'|41 

20 

9-497682 

636 

•502818 

9-520305 

705 

10-479695 

•022623 

70 

9-977877  140 

21 

9-498064 

636 

•601936 

9-520728 

705 

10-479272 

•022665 

70 

9-97788539 

22 

9-498444 

686 

.601656 

9-621151 

704 

10-478849 

•022707 

70 

9-977293  '38 

23 

9-498825 

684 

.601176 

9-521578 

704 

10-478427 

•022749 

70 

9-977251 1;37 

24 

9-499204 

684 

•500796 

9-521995 

703 

10-478005 

•022791 

70 

9-977209  36 

25 

9-499584 

688 

.600416 

9-522417 

703 

10-477588 

•022888 

70 

9-977167|,35 

26 

9-499968 

682 

•500087 

9-522838 

702 

10-477162 

-022875 

70 

9-97712534 

27 

9-500342 

632 

499658 

9-528259 

702 

10-476741 

•022917 

70 

9-977088;88 

28 

9-600721 

631 

•499279 

9-528680 

701 

10-476320 

•022959 

70 

9-977041  :|32 

29 

9-501099 

631 

•498901 

9-524100 

701 

10-476900 

•028001 

70 

9-976999,81 

80 

9-601476 

630 

.498524 

9-624520 

700 

10-476480 

•023048 

70 

9-976957I80 

81 

9-601854 

629 

.498146 

9-624939 

699 

10-476061 

•023086 

70 

9-976914  29 

82 

9-602231 

629 

.497769 

9-625359 

699 

10-474641 

•028128 

70 

9-976872!|28 

83 

9-502607 

628 

•497893 

9-525778 

698 

10-474222 

•028170 

70 

9-976830,27 

84 

9-502984 

628 

•497016 

9-526197 

698 

10-478808 

•028213 

71 

9-976787,26 

85 

9-608860 

627 

.496640 

9-526615 

697 

10-478386 

•023255 

71 

9^976746l26 

86 

9-608735 

626 

•496265 

9-527088 

697 

10-472967 

•028298 

71 

9^976702  -24 

87 

9-504110 

626 

.495890 

9-527451 

696 

10-472549 

•028340 

71 

9^976660|28 

88 

9-604485 

626 

•496515 

9-527868 

696 

10-472132 

•028383 

71 

9^976617  22 
9-976574"21 

89 

9-604860 

625 

.496140 

9-528285 

695 

10-471715 

•028426 

71 

40 

9-606234 

624 

.494766 

9-528702 

696 

10-471298 

•028468 

71 

9-976682 

20 

41 

9-605608 

628 

•494892 

9-529119 

694 

10-470881 

•028511 

71 

9-976489 

19 

42 

9-605981 

628 

.494019 

9-529535 

694 

10-470465 

•028664 

71 

9-976446 

18 

48 

9-606864 

622 

•493646 

9-529950 

693 

10-470050 

•028596 

71 

9-976404 

17 

44 

9-606727 

622 

•498278 

9-530866 

693 

10-469634 

•028689 

71 

9-976361 

16 

45 

9-607099 

621 

.492901 

9-630781 

692 

10-469219 

•028682 

71 

9-976818  16 

46 

9-607471 

620 

•492529 

9-631196 

691 

10-468804 

•028725 

71 

9-976276114 

47 

9-607848 

620 

•492157 

9-631611 

691 

10-468889 

•028768 

71 

9-976282,13 

48 

9-608214 

619 

•491786 

9-632025 

690 

10-467976 

•028811 

72 

9-976189,12 
9-976146  11 
9-976103JlO 

49 

9-508585 

619 

•491415 

,  9-632489 

690 

10-467661 

•023864 

72 

60 

9*608956 

618 

•491044 

9'632868 

689 

10-467147 

•028897 

72 

61 

19-509826 

618 

•490674 

9-638266 

689 

10  466734 

•028940 

72 

9-976060 

9 

62 

i  9-509696 

617 

•490804 

9-588679 

688 

10-466321 

•028983 

72 

9-976017 

8 

53 

9-610065 

616 

-489935 

9-534092 

688 

10-465908 

•024026 

72 

9-975974 

7 

61 

9-510434 

616 

.489566 

,9-634.504 

687 

10-466496 

•024070 

72 

9-975930 

6 

55 

9-510803 

615 

•489197 

!  9-534916 

687 

10-466084 

•024118 

72 

9-975887 

6 

60 

0-511172 

615 

•488828 

1 9-535828 

686 

10-464672 

•024166 

72 

9-975844 

4 

67 

9-6116401  614 

•488460  1  9-536739 

686 

10-464261 

•024200 

72 

9-975800 

8 

6H  9-611907 

613 

-488093  9-686150 

686 

10-463860 

•024248 

72 

9^9757&7 

2 

5'.>'|  9-612275 

613 

•487725  ;  9-636561 

685 

10-468439 

•024286 

72 

9-975714 

1 

60 

9-512642 

612 

•487858  [.9-536972 

684 

10-468028 

•024380 

72 

9-975670 

0 

Cnaine.  1 

8«c»ne.  ilCoUnxent. 

Tangvnt. 

CoMOAQt. 

«in«.   1 

71  OEQ. 


60 


LOGABITHHIO  BIKSS^  BTO. 


19  DEO. 


0 
1 
2 
8 
4 
5 
6 
7 
8 
9 
10 
11 
12 
18 
14 
15 
16 
17 
18 
19 
20 
21 
22 
28 
24 
25 
26 
27 
28 
29 
80 
81 
82 
88 
84 
85 
86 
87 
88 
89 
40 
41 
42 
48 
44 
45 
46 
47 
48 
49 
50 
51 
52 
58 
54 
55 
56 
57 
58 
69 
60 


BiM. 


9-612642 

9-613009 

9-518875 

9-513741 

9-614107 

9-514472 

9-51488' 

9-515202 

9-515566 

9-515980 
19-516294 
19-516657 

9-617020 

9-517382 

9-517746 

9-618107 

9-518468 

9-518829 

9-519190 

9-519661 

9-619911 

9-520271 

9-620631 

9-520990 

9-621849 

9-621707 

9-622066 

9-522424 
1 9-622781 
1 9-623188 
'  9-528496 

9-628852 

9-624208 

9-524664 

9-524920;  593 

9-525276  593 

9-625630!  592 

9-626984|  591 

9-526389  591 

9-526698  590 

9-627046  590 

9-527400  589 

9-527758  689 

9-528105  588 

9-628458  588 


IMff. 
100" 


612 
611 
611 
610 
609 
609 
608 
608 
607 
607 
606 
605 
606 
604 
604 
608 
608 
602 
601 
601 
600 
600 
599 
599 
698 
698 
597 
596 
696 
595 
595 
694 
594 


9-528810 

9-529161 

9-529513 

9-529864 

9-580216 

9-530565 

9-530916 

9-681265  584 

9-681614  588 

9-531968,  582 


587 
587 
586 
586 
585 
585 
584 


582 
681 


9-532312 
9-532661 
9-638009,  581 
9-638357'  580 
9-533704  680 
9-634052  679 


OMMMt.   Taagnat.   ^; 


•487858 
-486991 
•486626 
-486269 
•485893 
•485528 
•485163 
•484798 
•484484 
•484070 
•483706 
-488348 
•482980 
-482618 
•482265 
-481898 
-481582 
•481171 
-480810 
•480449 
•480089 
•479729 
-479369 
-479010 
-478651 
•478298 
-477934 
•477576 
•477219 
•476862 
•476505 
•476148 
•475792 
-475486 
■475080 
•474725 
•474370 
•474016 
•478661 
•478307 
-472964 
•472600 
•472247 
•471896 
•471642 
•471190 
•470839 
•470487 
•470136 
•469785 
•469485 
•469085 
•468785 
•468386 
•468037 
•467688 
•467839 
-466991 
•466643 
-466296 
-465948 


9-636972 
9-687882 
9-587792 
9-588202 
9^5386ll 
9-539020 
9-589429 
9-589887 
9-540245 
9-540658 
9-541061 
9-541468 
9-541875 
9-542281 
9-542688 
9-548094 
9-548499 
9-548905 
9-544810 
9-544715 
9-645119 
9-545524 
9-545928 
9-546881 
9-546735 
9-547188 
9-547540 
9-547943 
9-548845 
119-548747 
19-549149 
1 1 9-549650 
9-549951 
9-550862 
9-550752 
9-651152 
9-551552 
9-551952 
9-552361 
9-562760 
9-553149 
9-553548 
9-558946 
9-554844 
9-554741 
9-556189 
9-556686 
9-555988 
9-556829 
9-656725 
9-567121 
9-557517 
9-557918 
9-558808 
9-658702 
9-569097 
9-559491 
9-559885 
9-660279 
9-560673 
9-561066 


!l      Cusine.     I 


I     B«oaut. 


CoUttggnt. 


684 
688 
688 
682 
682 
681 
681 
680 
680 
679 
679 
678 
678 
677 
677 
676 
676 
675 
675 
674 
674 
678 
678 
672 
672 
671 
671 
670 
670 
669 
669 
668 
668 
667 
667 
666 
666 
665 
665 
665 
664 
664 
668 
668 
662 
662 
661 
661 
660 
660 
659 
659 
659 
668 
668 
657 
657 
666 
666 
655 


Ootusettfc-   ll  «w«t-   igi^ 


10-468028 
10-462618 
10-462208 
10-461798 
10-461889 
10-460980 
10-460571 
10-460163 
10-459755 
10-459847 
10-458989 
10-468582 
10-458126 
10-457719 
10-457812 
10-456906 
10-456601 
10-456096 
10-455690 
10-466285 
10-454881 
10-454476 
10-454072 
10-458669 
10-458266 
10-452862 
10-452460 
10-452057 
10-451655 
10-451258 
10-450851 
10-460450 
10-450049 
10-449648 
10-449248 
10-448848 
10-448448 
10*448048 
10-447649 
10-447250 
10-446851 
10-446452 
10*446054 
10*446656 
10-445259 
10*444861 
10^444464 
10*444067 
10-448671 
10*443275 
10*442879 
10*442488 
10*442087 
10-441692 
10*441298 
10*440908 
10*440609 
10-440115 
10*489721 
10*489827 
10-488984 


Tangent. 


•024380 
•024878 
-024417 
-024461 
-024604 
•024648 
-024592 
•024635 
-024679 
•024728 
-024767 
•024811 
•024865 
-024899 
-024948 
•024987 
-025081 
026076 
•025120 
-025164 
•026208 
-025262 
025297 
025841 
•025886 
-025480 
-026475 
-025519 
-025664 
•026609 
-026668 
-025698 
•026743 
•025788 
-025888 
-025878 
•025923 
-026968 
-026018 
-026068 
-026103 
-026148 
•026198 
•026289 
•026284 
-026829 
•026875 
-026420 
•026465 
-026511 
•026656 
-026602 
-026648 
-026698 
-026789 
•026786 
•026831 
•026876 
•026922 
•026968 


9-976821  52 
9^975277  51 
9-976233i50 
9-975189  49 
73  9-975145  48 
73  !9-97510li,47 


9-9766701  60 
72:9-976627  59 
78  :9-976583  58 
73[9-976639:57 
73  '9-976496  56 
73  |9976452  55 
78  I9975408  64 
78  9-976365  33 


9-9760&7J46 
9-976013  45 
9-974969  44 
9-974925:43 
9-974880  42 
74 '9-974836  41 
74  ;9-974792!40 
74  '9-974748  39 
74  •9-974708  38 
74  9974669I37 
74  ;9974614l36 
74  '9-974570  35 
74  9-974625  34 
74  19-974481  33 
74  '9-974436  32 
74  9-974891  31 

74  9-974347  30 

75  9-974302  29 
75  9-974257  28 


75 


9-974212  27 


75  9-9741 6726 


9-974122  25 
9-974077j24 
9-974032!  28 
9-978987  22 
9-978942  21  , 
9-973897;  20 
75  19-973852'  19  I 
75  I9-973807  18  I 


027014, 


9-973761  17 
9-978716  16 
9-97S671  15 


9-973625 
9-973580 
9-978636 


9-973489  ill 


9-978444 
9-978398 
9-973362 
9-978307 
9-973261 
9-973216 
9-973169 
9-973124 
9-973078 
9-978032i 
9-972986 


I   SiiM. 


fO 


20  Dso. 


LOGARITHMIC  6INBS,  ETC. 


61 


t 

Sine. 

Diff. 

100" 

Coiacant. 

[  TMgent 

Wff. 

Cotangent 

Seennt. 

DMT. 
100" 

Codae. 

t 

0 

9-584052 

-465948  !  9-561066 

10-488984 

-027014 

9^972986:;60 

1 

2 

9-534399 

578 

•465601  1 9-561459 

655 

10-488641 

•027060 

77 

9^9729401 59 

9-534746 

577 

•465256  19-561851 

654 

10-488149 

•027106 

77 

9-972894' 68 

8 

9-5350II2 

577 

•464908  : 9-562244 

664 

10-487766 

•027152 

77 

9-972848' 67 

4 

9-536438 

577 

-464562 

9-662636 

658 

10-437364 

•027198 

77|9-972802i66 

6 

9635788 

576 

-464217 

9-663028 

658 

10-486972 

•027245 

78 '9-972756,  :55 
77  ■9-972709 '64 

6 

9-636129 

576 

•463871 

I9-663419 

668 

10-486581 

•027291 

7 

9-586474 

575 

•463526  !  9-563811 

652 

10-486189 

•027887 

77  9-972663 153 

8 

9-636818 

574 

-468182  1 9-564202 

662 

10-485798 

-027883 

77  9-9726171,52 

9 

9-537168 

574 

-462837 

!  9-564592 

651 

10485408 

•027430 

78  9-972670, 51 

10 

9-687607 

573 

•462493 

;  9^564988 

651 

10435017 

-027476 

77  '9-972524  50 

11 

9-637861 

578 

•462149 

9^665878 

650 

10-484627 

-027522 

77  9-972478  49 

12 

9-538194 

572 

-461806 

9-666768 

650 

10-484237 

•027569 

78  9-972431  48 

13 

9-588588 

572 

-461462 

9-666153 

649 

10483847 

•027616 

77  9-972386 '47 

H 

9-538880 

571 

•461120 

i  9^666642 

649 

10-488458 

•027662 

78  9-97288846 

16 

9-589223 

571 

•460777  !  9-666932 

649 

10-483068 

•027709 

78  9-972291 

45 

16 

9-539665 

670 

-460485 

9-667820 

648 

10-482680 

•027756 

77  9-972246 

44 

17 

9-539907 

570 

•460098 

'  9^667709 

648 

10-482291 

•027802 

78  9-972198 

43 

18 

9-540249 

569 

•459751 

9-568098 

647 

10431902 

•027849 

78  9-972161 

42 

19 

9-540690 

569 

•469410 

9-668486 

647 

10-481514 

•027895 

77  9-972105 

41 

20 

9-540981 

668 

•459069 

9-668878 

646 

10-481127 

•027942 

78  9-972068 

40 

21 

9-541272 

568 

•458728 

9-569261 

646 

10-430739 

•027989 

78  9-972011 

39 

22 

9-541618 

567 

•468387 

9-569648 

645 

10480852 

•028036 

78  9-971964 

,38 

23 

9-541958 

567 

•458047 

9-570035 

645 

10-429966 

-028088 

78  9-971917 

|37 

24 

9-542298 

566 

•467707 

9-670422 

646 

10-429678 

-028130 

78  9-971870 

86 

25 

9-542682 

566 

•467868 

9-670809 

644 

10-429191 

-028177 

78  9-971823 

,86 

26 

9-642971 

665 

•457029 

9-571196 

644 

10-428806 

•028224 

78  9-971776 

84 

27 

9-648810 

665 

•456690 

9-671581 

648 

10-428419 

•028271 

78  9-97 1729;  |33 
78  :9-97l682t'82 

28 

9-643649 

564 

•466861 

9-571967 

648 

10-428038 

-028818 

29 

9-648987 

664 

•456013 

9-572852 

642 

10-427648 

•028865 

78  9-971636 131 

80 

9-644825 

568 

•456676 

9-572788 

642 

10-427262 

•028412 

78  9-971588 '80 

81 

9-644663 

563 

•465837 

9-578123 

642 

10^426877 

•028460 

80  9^971640  ;29 

82 

9-645000 

562 

•455000 

9-673507 

641 

10-426498 

•028507 

78 

9-971498  28 

83 

9-546888 

562 

•454662 

9-578892 

641 

10-426108 

•028554 

78 

9-971446' 27 

84 

9-646674 

561 

•464826 

9-674276 

640 

10-425724 

•028602 

80 

9-971898'26 

85 

9-546011 

661 

•468989 

9-574660 

640 

10-425840 

•028649 

78 

9^971 851i'26 

86 

9-546347 

660 

-453653 

9-676044 

639 

10-424956 

•028697 

80 

9^971803  |24 

87 

9-646688 

560 

-458817 

9-676427 

639 

10-424578 

•028744 

78 

9^971256''28 

88 

9-647019 

659 

•452981 

9-676810 

639 

10-424190 

-028792 

80 

9-971208:!22 

89 

9-547864 

569 

462646 

9-676193 

638 

10-428807 

•028889 

78 

9-971161121 

40 

9-547689 

558 

•452811 

9-576576 

688 

10-428424 

•028887 

80 

9-971118  20 

41 

9-548024 

558 

•461976 

9-676958 

637 

10-423042 

•028984 

78 

9-971066  19 

42 

9-548359 

657 

.461641 

9-577341 

687 

10-422659 

•028982 

80 

9-97l0;8tl8 

48 

9-648698 

557 

461307 

9-577728 

686 

10-422277 

•029030 

80 

9^970970  17 

44 

9-649027 

556 

460978 

9-678104 

636 

10-421896 

•029078 

80 

9^970922  16 

45 

9-649360 

566 

450640 

9-578486 

686 

10-421514 

•029126 

80 

9-970874' 

16 

46 

9-549693 

665 

450307 

9-578867 

686 

10-421183 

•029173 

78 

9-970827 

14 

47 

9-550026 

556 

449974 

9-579248 

686 

10-420752 

•029221 

80 

9-970779 

18 

48 

9-550359 

654 

449641 

9^579629 

684 

10-420871 

•029269 

80 

9-970781 

12 

49 

9-650692 

554 

449808 

9-580009 

684 

10419991 

•029317 

80 

9-970683 

11 

50 

9-551024 

558 

448976 

9-580389 

684 

10419611 

•029866 

80 

9^970685 

10 

61 

9-661366 

558 

•448644 

9-680769 

683 

10419281 

029414 

82 

9^970586 

9 

52 

9-561687 

552 

•448818 

9-581149 

688 

10418851 

•029462 

80 

9-970588 

8 

53 

9-652018 

552 

•447982 

9-581528 

682 

10418472 

•029510 

80 

9^970490 

7 

54 

9-662849 

552 

•447651 

9-581907 

632 

10418093 

•029658 

80 

9^970442 

6 

55 

9-662680 

561 

•447820 

9-582286 

632 

10417714 

•029606 

80 

9^970894 

6 

56 

9-653010 

661 

•446990 

9-582665 

681 

10417886 

•029665 

82 

9^970845 

4 

57 

9-563341 

660 

•446659 

9-688043 

681 

10416957 

•029703 

80 

9^970297 

8 

58 

9-653670 

650 

•446330 

9-583422 

680 

10416578 

•029751 

80 

9-970249 

2 

59 

9-554000 

549 

•446000 

9-588800 

680 

10416200 

•029800 

82 

9-970200 

1 

60 

9-554329 

549 

445671 

9-584177 

629 

10415828 

-029848 

80 

9-970162 1  0 

' 

Coslaa. 

Secant. 

Cotangent. 

Tftngent.  1 

Ooeeoant. 

Sine,   i!  ' 

69  OBO. 


62 


LOQAKITHMIC  BIKES,  BTO. 


21 

DEO. 

1 

BhM. 

Dtff. 

100" 

OOMOMlt. 

Tangvut. 

Diir. 

r 

CoUn««Dt.  J 

fiMaak 

Diff. 
100* 

Oidaa.  1  ' 

0 

9-664829 

•445671 

9-684177 

110-416823, 

•029848 

9-970152  60 

1 

9-5646o8 

648 

-445842 

9-584655 

629  10415445 1 

-029897 

81 

9-970103  59  ; 

2 

9-564987 

548 

-445013 

9-584932 

629  10415068 

'029945 

81 

9-970055  58  " 

3 

9-5668161  647 

•444685 

9-685809 

628  10414691 

•029994 

81 

9-9700O6  57  \ 

4 

9-665648 

547 

-444367 

9-586686 

628  10414314 

•080043 

81 

9-969957  56  \ 

6 

9-666971 

546 

-444029 

9-586062 

627  10413988 

030091 

81 

9-969909  55  . 

(i 

9.666299 

646 

•448701 

9-586439 

627  10-418561 

-030140 

81 

9-969860  54 

7 

9-666626 

645 

•448874 

9-586816 

627  110413185 

•030189 

81 

9-969811  53 

.  8 

9-666963 

545 

-443047 

9-587190  626110412810 

-080288 

81 

9-969762  52 

9 

9-657280 

544 

•442720 

9-587666  626  10-412434 

•030286 

81 

9-969714  51 

10 

9-667600 

644 

•442894 

9-587941  626  {10412059 

-030336 

81 

9-969665  50 

11 

9-667982 

648 

•442068 

9-588316 

626  10411684 

-080384 

81 

9969616  49 

12 

9-668258 

548 

-441742 

9-a88691 

626  ,10411309 

•080483 

82 

9969567  48 

18 

9.658583 

643 

•441417 

9-589066 

624  110410934 

-030482 

82 

9-969518  47 

14 

9.668909 

642 

•441Q91 

9-589440 

62410410560 

-080581 

82  9-969469  46 
82  9-969420  45 

16 

9.669234 

642 

-440766 

9-589814 

628 

10410186 

•080580 

16 

9.659658 

541 

-440442 

9-590188 

628 

10-409812 

-030630 

82  9-969370  44 

17 

9.659883 

641 

440117 

9-690562 

628 

10409438 

•030679  82 

9-969821  48 

18 

9660207 

640 

.439798 

9.590935 

622 

10-409065 

-030728  82 

9-969272  42 

19 

9.660631 

640 

.439469 

9.59I8O8 

622 

10-408692 

•080777 

82 

9-969223  41 

20 

9.660866 

589 

-439145 

9-691681 

622 

10-408319 

•030827 

82 

9-969173  40 

21 

9.661178 

539 

488822 

9.592054 

621 

10-407946 

•080876 

82 

9-969124  39  = 

22 

9.661501 

638 

-488499 

9-592426 

621 

10-407674 

•080925 

82 

9969075  m  X 

28 

9.561824 

538 

488176 

9-692798 

620 

10-407202 

•080976 

82  ;9-969025  37  1 

24 

9-562146 

587 

.437854 

9-693171 

620 

10-406829 

•031024:  82  ;9-968976  36  | 

2o 

9.662468 

687 

487632 

9-598542 

620 

10-406458 

-081074  82 

9-968926  3o 

26 

9.662790 

686 

-487210 

9-593914 

619 

10-406086 

•081123 

83 

9-968877  34 

27 

9.668112 

536 

486888 

9-594285 

619 

10-405716 

•081173 

83 

9-968827  33 

28 

9.668483 

636 

-436567 

9.694656 

618 

10-406344 

•081223 

83 

9-968777  32 

29 

9.568756 

535 

-486245 

9.695027 

618 

10404973 

-081272 

88 

9-968728  31 

80 

9.564076 

535 

486926 

9.695898 

618 

10-404602 

•031322 

83 

9-968678  30 

81 

9.564896 

534 

435604 

9.595768 

617 

10404282 

■031372 

83 

9-968628  '29 

82 

9-564716 

534 

485284 

9-596188 

617 

10403862 

•031422 

83  |9-968o7b  28 

83  1 

9.665036 

533 

.434964 

9-596508 

616 

10-403492 

-031472 

83;9968528:27 

84 

9.566356 

583 

434644 

9-696878 

616 

10-403122 

-081621 

83  9968471*  26 

35 

9.566676 

532 

484324 

9-597247 

616 

10-402753 

-031571 

83  9-968429  2o 

86, 

9.565995 

632 

434005 

9-697616 

615 

10-402384 

-031621 

83  9968379  24 

87  1 

9.566814 

631 

488686 

9-597985 

616 

10-402015 

-031671 

83  9.968321*  23 

88 

9.566682 

531 

.438868 

9.698364 

616 

10-401646 

•031722 

83  9^968278  22 

89 

9.566961 

531 

483049 

9.598722 

614 

10-401278 

-031772 

83  9-968228 !21  1 

40 

9-567269 

530 

-482731 

9-599091 

614 

10-400909 

•081822 

84:9968178  20 

41 

9-567687 

630 

482413 

9-599459 

613 

10-400541 

•081872 

84  :9968128  19  : 

42 

9-567904 

529 

-482096 

9-599827 

613 

10-400178 

-031922!  84  9-96807818  * 

43 

9.668222 

629 

-481778 

9-600194 

613 

10-399806 

-031973;  84 

9-968027 .17  . 

44 

9-668539 

628 

431461 

9-600562 

612 

10-899488 

-032023 

84 

9-967977 

16 

46' 

9-568856 

528 

•431144 

9-600929 

612 

10-399071 

•082073 

84 

9967927 

15. 

46, 

9.569172 

628 

•430828 

9-601296 

611 

10-898704 

-032124 

84 

9967876 

14' 

47 

9.569488 

527 

-430512 

9-601662 

611 

10-898338 

•032174 

84  :9.967826 

13, 

48 

9.569804 

627 

480196 

9-602029 

611 

10-897971 

-082226 

84  ;9.967775 

12 

49 

9-570120 

626 

-429880 

9-602896 

610 

10-897605 

•032276 

84 

9-967725 

U 

50 

9-570436 

526 

-429665 

9-602761 

610 

10-897239 

-032826 

84 

9967674 

10 

61 

9-670761 

525 

•429249 

9-608127 

610 

10-896878 

-032876 

84  |9.967624 

9 

52 

9-571066 

526 

428934 

9-608498 

609 

10-896507 

-032427 

84  ;9967673 

8 

63 

9-571880 

624 

-428620 

9-608868 

609 

10-896142 

-032478 

84'9.967ft2->!  7  i 

64 

9-571696 

524 

-428305 

9-604228 

609 

10-895777 

-082629 

85 

9^96747],.  6 

65 

9-572009 

523 

-427991 

9-604588 

608 

10-895412 

•082579 

85 

9967421;  5 

66 

9.572823 

628 

•427677 

9-604958 

608 

10-895047 

•082680 

85 

9-967370  4 

57 

9.672636 

528 

-427364 

9-606317 

607 

10-894683 

-032681 

85 

9-967319  3 

58 

9-672950 

522 

427060 

9-606682 

607 

10-894318 

•032782 

85 

9-96726t^  2 

59 

9673263 

522 

-426737 

9-606046 

607 

10-898954 

-032788 

85 

9-967217  1 

60 

'  i 

9.678576 

521 

426425 

9-606410 

606 

10-893590 

-082884 

85 

9-967166  0 

OMiac. 

8M*nt. 

Cotangent. 

Tangent. 

Coweant 

Sia«.   {  '  J 

63DB6. 


IiOQABITHMIO  SINBS,  BTO. 


63 


22 

DBQ. 

/ 

Om, 

Diir. 

100" 

OOSMMlt.^ 

TUg«nt. 

Diff. 
100* 

Cotangent. 

Seoant 

Diir. 

100" 

Ooiine. 

/ 

0 

9-578676 

•426426 

9-606410 

10-898590 

-082834 

9-967166 

60 

1 

9-573888 

621 

•426112 

9-606773 

606 

10-393227 

-032885 

85 

9-967116 

59 

2 

9-674200 

620 

•426800 

9-697137 

606 

10-392863 

•032936 

86 

9-967064 

68 

8 

9-574512 

620 

•425488 

9-607600 

605 

10-392600 

-032987 

85 

9-967013 

67 

4 

9-574824 

619 

•426176 

9-607863 

606 

10-392137 

-088039 

86 

9-966961 

56 

5 

9-676186 

519 

•424864 

9-608226 

604 

10-391776 

-083090 

86 

9-966910 

56 

6 

9-676447 

619 

•424668 

9-608688 

604 

10-891412 

•033141 

86 

9-966859. 

54 

7 

9-675758 

618 

•424242 

9-608960 

604 

10-891060 

-033192 

86 

9-966808' 

58, 

8 

9-676069 

518 

•423931 

9-609312 

603 

10-390688 

-033244 

86 

9-966766, 
9-966705' 

52 

9 

9-676379 

517 

•423621 

9-609674 

603 

10-390326 

-033296 

86 

61 

10 

9-576689 

517 

-423811 

9-610036 

603 

10-889964 

•088847 

86 

9-966663 

60 

11 

9-676999 

616 

•423001 

9-610897 

602 

10-389603 

-088398 

86 

9-966602 

49 

12 

9-577809 

616 

•422691 

9-610769 

602 

10-389211 

-038450 

86 

9-966650 

48 

18 

9-677618 

616 

•42?382 

9-611120 

602 

10-388880 

•083501 

86 

9-966499 

47 

14 

9-677927 

616 

•422073 

9-611480 

601 

10-888620 

-038563 

86 

9-966447 

46 

16 

9-678236 

616 

•421764 

9-611841 

601 

10-888169 

•038606 

86 

9-966395 

45 

16 

9-678646 

614 

^21466 

9-612201 

601 

10-887799 

•038666 

86 

9-966344 

44 

17 

9-678863 

614 

•421147 

9-612661 

600 

10-887489 

•038708 

86 

9-966292 

43 

18 

9-579162 

618 

•420838 

9-612921 

600 

10-387079 

-033760 

86 

9-966240 

42 

19 

9-679470 

618 

•420580 

9-613281 

600 

10-386719 

•088812 

86 

9-966188 

41 

20 

9-579777 

513 

•420228 

9-613641 

699 

10-386869 

-033864 

86 

9-966136 

40 

21 

9-680086 

612 

•419915 

9-614000 

599 

10-386000 

-03891-6 

86 

9-966085 

39 

22 

9-680392 

612 

•419608 

9-614359 

698 

10-386641 

-033967 

87 

9-966033 

88 

28 

9-680699 

611 

•419301 

9-614718 

598 

10-386282 

-034019 

87 

9-966981 

87 

24 

9-681006 

611 

•418996 

9-615077 

698 

10-384923 

-034071 

87 

9-966929 

36 

26 

9-631312 

611 

•418688 

9-616436 

697 

10-384666 

-034124 

87 

9-966876 

36 

26 

9-681618 

610 

•418382 

9-616793 

697 

10-384207 

-034176 

87 

9-966824 

34 

27 

9-581924 

610 

•418076 

9-616161 

697 

10-883849 

-034228 

87 

9-965772 

38 

28 

9-682229 

509 

-417771 

9-616509 

696 

10-383491 

-034280 

87 

9-965720 

32 

29 

9-682686 

509 

•417465 

9-616867 

696 

10-383133 

-034382 

87 

9-965668 

31 

80 

9-582840 

509 

-417160 

9-617224 

696 

10-382776 

-034386 

87 

9-965616 

80 

81 

9-583146 

608 

•416866 

9-617682 

695 

10-382418 

•034437 

87 

9-966563 

29 

82 

9-583449 

608 

-416561 

9-617989 

695 

10-882061 

-034489 

87 

9-966611 

28 

83 

9-588764 

607 

•416246 

9-618296 

696 

10-881706 

-034642 

87 

9-965458 

27 

84 

9-584058 

607 

-416942 

9-618662 

594 

10-881848 

-084694 

87 

9-965406 

26 

86 

9-684861 

606 

•416639 

9-619008 

694 

10-380992 

-034647 

87 

9-965353 

26 

86 

9-684665 

606 

•416386 

9-619864 

694 

10-380636 

-034699 

88 

9-965301 

24 

87 

9-684968 

606 

•416082 

9-619721 

593 

10-380279 

•034762 

88 

9-966248 

28 

88 

9-686272 

606 

•414728 

9-620076 

593 

10-379924 

-034806 

88 

9-966196 

22 

39 

9-686674 

605 

•414426 

9-620482 

698 

10-879668 

-084867 

88 

9.966148 

21 

40 

9-686877 

604 

•414128 

9-620787 

692 

10-379213 

-034910 

88 

9-966090 

20 

41 

9-586179 

604 

•418821 

9-621142 

692 

10-878858 

-034968 

88 

9-966037 

19 

42 

9-686482 

608 

•413618 

9-621497 

692 

10-378603 

-036016 

88 

9-964984 

18 

43 

9-586783 

503 

-413217 

9-621862 

691 

10-378148 

-086069 

88 

9-964931 

17 

44 

9687086 

603 

•412916 

9-622207 

691 

10-877793 

-086121 

88 

9-964879 

16 

46 

9-687386 

602 

•412614 

9-622661 

690 

10-377439 

-086174 

88 

9-964826 

15 

46 

9587688 

602 

•412312 

9-622916 

690 

10-377086 

-085227 

88 

9-964773 

14 

47 

9-687989 

601 

•412011 

9-623269 

690 

10-376731 

-086280 

88 

9-964720. 

13 

48 

9688289 

601 

•411711 

9-623623 

589 

10-876377 

-035884 

88 

9-964666 

12 

49 

9-688690 

601 

-411410 

9-623976 

689 

10-876024 

-086887 

89 

9-964613;:il 

60 

9-688890 

600 

•411110 

9624330 

689 

10-375670 

-035440 

89 

9-964660!l0 

61 

9589190 

600 

•410810 

9-624683 

688 

10-876817 

-036498 

89 

9-964607 

9 

62 

9-689489 

499 

•410611 

9-625086 

588 

10-374964 

-036646 

89 

9-964454' 

8 

68 

9-589789 

499 

•410211 

9-626888 

588 

10-374612 

•086600 

89 

9-964400 

7 

64 

9-590088 

499 

•409912 

9-625741 

687 

10-874259 

-036663 

89 

9-964847, 

6 

66 

9-590387 

498 

•409618 

9-626093 

687 

10-878907 

•086706 

89 

9-964294' 

5 

66 

9-590686 

498 

-409814 

9-626446 

687 

10-873666 

•036760 

89 

9-964240 

4 

67 

9-590984 

497 

•409016 

9-626797 

586 

10-873203 

-035813 

'89 

9-964187, 

8 

68 

9-591282 

497 

•408718, 

9-627149 

686 

10-372851 

•086807 

89 

9-964188 

2 

69 

9-591580 

497 

•408420, 

9-627601 

686 

10-872499 

•035920 

89 

9-964080 

1 

60 
/ 

9-591878 

496 

-4081221 

9-627852 

586 

10-872148 

•036974 

89 

9-964026 

0 

CoriBtt. 

BMftnt.  1 

Ootongent. 

TMic«ni. 

.?-r^ 



Bin*. 

/ 

CTdso. 
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LOGAEITfiMIC  BINB8,  BTO. 


23  DEG. 


0 

1 

2 
8 
4 
6 
6 
7 
•  8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
26 
26 
27 
28 
29 
30 
81 
82 
83 
84 
86 
86 
87 
88 
89 
40 
41 
42 
43 
44 
46 
46 
47 
48 
49 
60 
61 
62 
63 
64 
66 
66 
67 
68 
69 
60 


Diff. 


406 
495 
496 
496 
494 
494 
493 
493 
493 
492 
492 
491 
491 
491 
490 
490 
489 
489 
489 
488 
488 
487 
487 


9-691878 

9-692176 

9-592473 

9-692770 

9-69306' 

9-593363 

9-693669 

9-6939o5 

9-694251 

9-694547 

9-594842 

9-595187 

9-695432 

9-696727 

9-696021 

9-696316 

9-696609 

9-696908 

9-697196 

9-697490 

9-697783 

9-698076 

9-598368 

9-598660 

9-6989521  487 

9-5992441  486 

9-6995361  486 

9-599827|  485 

9-6001181486 

9-6004091  486 

9-600700  484 

9-600990 

9-601280 

9-601570 

9-601860 

9-602150 

9-602439 

9-602728 

9-603017 

9-608806 

9-603694 

9-603882 

9-604170 

9-604467 

9-604746 

9-605032 

9-605819 

9-605606 

9-606892 

9-606179 

9-606406 

9-606751 

9-607086 

9-607822 

9-607607 

9-607892 

9-608177 

9-608461 

9-608745 

9-609029 

9-609818 


484 
484 
483 
483 
482 
482 
482 
481 
481 
481 
480 
480 
479 
479 
479 
478 
478 
478 
477 
477 
476 
476 
476 
475 
475 
474 
474 
474 
473 
473 


GotMUL 


•408122 
•407824 
•407527 
•407230 
'406983 
•406687 
•406341 
•406045 
•405749 
•405463 
•405158 
404863 
•404568 
•404273 
•403979 
•403685 
•403391 
•403097 
•402804 
•402610 
•402217 
•401925 
•401632 
•401840 
•401048 
•400756 
.400464 
•400178 
■399882 
•899591 
.899300 
.899010 
.398720 
.898480 
.898140 
.897850 
.397561 
.897272 
.396983 
.396695 
.896406 
.396118 
.395830 
.895548 
.896256 
.894968 
•894681 
.394394 
•894108 
•893821 
•893535 
•393249 
•392964 
•892678 
•892398 
•392108 
.391828 
•891689 
•391265 
•390971 
•890687 


T»aff«at. 


Diir. 
lOO* 


9-627852 
9-628203 
9-628554 
9-628906 
9-629255 
9-629606 
9-629956 
9-630306 
9-630656 
9-631005 
9-681356 
9-631704 
9-632053 
9-632401 
9-632750 
9-633098 
9-63344 
9-633795 
9-634143 
9-634490 
9-634aS8 
9-635185 
9-635532 
9-635879 
9-636226 
9-636572 
9-636919 
9-637265 
9-637611 
9-637956 
9-638302 
9-638647 
9-638992 
9-639387 
9^639682 
9-640027 
9-640371 
9^640716 
9-641060 
9-641404 
9-641747 
9-642091 
9-642434 
9-642777 
9-643120 
9-648463 
9-643806 
9-644148 
9-644490 
9-644832 
9-645174 
9-645616 
;  9-645867 
9-646199 
9-646540 
;  9-646881 
9-647222 
9-647562 
9-647903 
9-648243 
9^648683 


liOot 


tUnggnt. 


585 
585 
585 
584 
584 
588 
583 
583 
583 


Ootaaceiit. 


10-372148 
10-371797 
10-371446 
10-371095 
10-870745 
10-370894 
10-370044 
10-869694 
10-369344 
10-868996 
582  1 10-868645 
582  1 10-368296 
582110-867947 
581,10-867599 
581  10-367260 
581  10-866902 
580 '10-366553 
580jl0«66205 
580  10-365857 
579:10-866510 
679  10-366162 
679!  10-364815 
578:10-864468 
578 '10-364121 
578110-363774 
577  1 10-368428 
577  10-363081 
677  1 10-302735 
577  1 10-362389 
676  1 10-362044 


576 
576 
576 
575 
675. 
574 
674 
674 
673 
673 
573 
572 
572 
572 
672 
571 
671 
571 
570 
570 
570 
570 
569 
669 
569 
668 
668 
668 
567 
567 
667 


10-361698 
10-361353 
10-361008 
10-860663 
10-360318 
10-369978 
10-359629 
10-859284 
10-858940 
10-358696 
10-358263 
10-867909 
10'357566 
10-357228 
10-356880 
10-856637 
10^856104 
10-855862 
10-8o5610 
10366168 
10-864826 
10-354484 
10-864148 
10-853801 
10-353460 
10-358119 
10-352778 
10-352488 
10'862097 
10-361767 
10^861417 


I  -085974 

-0360281 89 
I, -036081  {89 
I  -036135  89 
1  •036189  90 
,  -036243  90 

•0362961  90 

-030350  90 
,036404  90 
!' -036458  90 
!'-036612{  90 
{•036566I  90 
! -0866211  90 
1,-086676;  90 
, -036729  90 

•036783 
1-036837 
,-036892 

•086946 

•037001191 

•037056,91 
1-087110 

•037164 
,037219 
I.-0872 

-087328 
,-037383 

•037438 

•037492 
1037647 
1-087602 

-037667 

■037712 
;  037767 

•087822 

-087877 

-037988 

•037988 

•088043 
^038Q98 

088164 

•088209 

•088265 


^•0d8320 
•038876 
l-0884ai 
•038487 
1-038542 
;-038698 
i -038664 
•038710 
•038766 
'•088821 
[-088877 
;  •038933 


Tangeat. 


•088989 
•089046 
•089101 
•089167 
•089214 
•089270 


9-964026160 
9968972  59 
9-968919;58 
9-963865V57 
9-963811  56 
9-968757  55 
9-963704 .54 
9-968650  53 
9-96869652 
9-963642  61 
9-963488  50 
9-963484  49 
9-968379  48 
9-968825,47 
9-968271.46 
9-963217,45 
9-963163  44 
9-968108  43 
9-963064  42 
9-962999  41 
9-962945'40 
9-962890' 39 
9-962886.38 
9-962781' 37 
9-962727  36 
9-962672  35 
9-96261784 
9-962662:33 
9-962608,32 
9-962463,31 
9-962398;30 
9-962843  29 
9-962288  28 
9-962283  27 
9-962178  26 
9-962123.25 
9-962067 '24 
9-962012(23 
9-961957'22 
9-961902 121 
9-961846  20 
9-961791,19 
9-96173518 
9-961680J17 
9961624jl6 
9^961669il5 
9*961613,,14 
9-961468  13 
9-961402112 
9-961846;il 
9-961290  10 
9-961285 1  9 
9-961179  8 
9-961123| 
9-961067 j 
9-961011. 
9-960956' 
9-960899i 
9-960843,1 
9-960786;! 
9-960780 
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Oi  9-609318 


,  9-609597 
;  9-609880 
I  9-610164 
I  9-610447 
i  9-610729 
1  9-611012 
19-611294 
1  9-611676 
I  9-611858 
I  9-612140 
1 9-612421 
I  9-612702 
I  9-612988 
I  9-618264 
i  9-618545 
1 9-618825 
1 9-614105 
!  9-614886 
j  9-614665 
20  i  9-614944 
21 1|  9-615223 
1 9-616602 
'  9-616781 
1 9-616060 
9-616888 
1 9-616616 
9-616894 


1 

2 

3 

4 

5 

6 

7 

8 

9 
10 
11 
12) 
13 
14 
16 
16 
17 
18 
19 


22 
28 
24 
25 
26 
27 


28 119-617172 


29, 

80 

81 1 

821 

38 

84 

85 

86 

87 

88 

89 

40 

41 

42 

43 

44 

45 

46 

47 

48 

49 

60 

61 

62 

53 

54 

55 

56 

57 

58 

59 

60 


9-617450 
9-617727 
9-618004 
9-618281 
9-618658 
9-618834 
9*619110 
9-619886 
9-619662 
9-619988 
9-620218 


478 
472 
472 
472 
471 
471 
470 
470 
470 
469 
469 
469 
468 
468 
467 
467 
467 
466 
466 
466 
466 
466 
466 
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464 
464 
468 
468 
462 
462 
462 
461 
461 
461 
460 
460 
460 
469 
469 


9-620488  469 


9-620768 
9-621088 
9-621813 
9-621687 
9-621861 
9-622185 
9-622409 
9-622682 
9-622956 
9-628229 
9-628602 
9-628774 
9-624047 
9-624319 
9-624591 
9-624863 
9-626185 
9-626406 
9-626677 
9-625948,  462 


468 
458 
467 
467 
467 
466 
466 
466 
466 
466 
466 
464 
464 
464 
468 
458 
463 
462 
462 


•390687 
-890403 
•890120 
-889836 
^89653 
•889271 


-888706 

-888424 

-888142 

•887860 

•887679 

•887298 

•887017  I 

•886736 ; 

-886465 1 

•886176 

•886895 1 

•886615 1 

•386336 1 

-886066  j 

•884777 

•884498 

•884219  I 

-883940 ' 

-388662 1 

-383884 

-888106 

'882828 

-882650 

•882273 

•381996 

-381719 

•881442 

^881166 

•380890 

•880614 

•880338 

•880062 

•879787 

•379612 

•879237 

•878962 

•878687 

•878413 

•378189 

•377865 

•877691 

•877818 

•877044 

-876771 

•876498 

•376226 

-376968 

-876681 

•376409 

•876187 

•874866 

-874594 

•874323 

•874062  i 


9-648683 
9-648928 
9-649263 
9-649602 
9-649942 
9-650281 
9-660620 
9'650969 
9-661297 
9-651636 
9-651974 
9-662312 
9-652650 
9-652988 
9-663826 
9-668663 
9-654000 
9-664887 
9-664674 
9-656011 
9-666848 
9-666684 
9-666020 
9-666856 
9-666692 
9-657028 
9-667864 
9-657699 
9-658034 
9-658369 
9-668704 
9-669039 
9-659373 
9-669708 
9-660042 
9-660876 
9-660710 
9-661043 
9^661877 
9-661710 
9-662048 
9-662876 
9-662709 
9-663042 
9-663375 
9-668707 
9-664039 
9-664871 
9-664703 
9-666086 
9-666366 
9-665697 
9-666029 
9-666360 
9-666691 
9-667021 
9-667352 
9-667682 
9-668018 
9-668343 
9-668672 


566 
666 
666 
666 
666 
666 
665 
664 
564 
664 
663 
668 
668 
663 
662 
662 
662 
661 
661 
661 
561 
660 
660 
560 
569 
669 
669 
669 
658 
568 
558 
568 
567 
667 
567 
566 
566 
666 
556 
666 
566 
566 
664 
564 
664 
664 
558 
568 
558 
663 
662 
662 
662 
661 
651 
661 
55^ 
650 
550 
560 


10-861417 
10-861077 
10-860737 
10-850398 
10-350068 
10-349719 
10-349380 
10-349041 
10-348703 
10-848364 
10-348026 
10-347688 
10-347360 
10-347012 
10-846674 
10-846337 
10-346000 
10^845668 
10-345826 
10-844989 
10-844662 
10-844316 
10-843980 
10-843644 
10-843308 
10-342972 
10-842686 
10-842301 
10-341966 
10-841681 
10-841296 
ip-840961 
10-840627 
10^840292 
10^839968 
10-839624 
10-889290 
10^888967 
10^888628 
10^888290 
10^887967 
10-837624 
10-837291 
10-836968 
10'386626 
10-886298 
10-886961 
10-885629 
10-836297 
10'834965 
10-884634 
10-384803 
10-868971 
10-838640 
10-888809 
10-832979 
10-882648 
10-832818 
10-331987 
10-881667 
10-831828 


•089270 
•039826 
•089882 
•089489 
-039495 
-039552 
•089608 
•089665 
•089721 
•089778 
•089835 
•089891 
-039948 
•040006 
•040062 
-040118 
•040176 
•040232 
•040289 
-040346 
•040404 
•040461 
-040618 
-040676 
•040632 
•040690 
-040747 
-040806 
•040862 
■040919 
•040977 
-041036 
-041092 
-041160 
-041208 
•041266 
-041323 
041881 
-041489 
-041497 
-041666 
041618 
•041671 
•041729 
041787 
-041846 
041904 
•041962 
042021 
-042079 
•042187 
042196 
042254 
•042318 
042372 
042480 
-042489 
-042548 
•042607 
-042666 
-042724 


9'960730|  60 
9-960674' 59 


9-960618 

9-960561 1 

9^960606j 

9-960448; 

9^960892| 

9^960835 

9^960279l 

9-960222' 

9-960166 

9-960109 

9-960062 

9-959995 

9-959938 

9-959882 

9-969825 

d-959768 

9-969711 

9-969654 

9-969596 

9-969639 

9^969482| 

9^969426 

9-959868 

9-969310 

9-969258|'34 

9-969195  j33 

9-969188  32 

9-969080  31 


9-959023' 
9-9589651 
9-968908 
9-968850 
9-968792' 
9-968784J 
9-968677 
9-9686191 
9-968661, 
9-968608 
9-958446 
9^968887 
9^958329' 
9-9682711 
9-968218; 
9^968154: 
9^968096 
9^958038 
9^957979 
9-967921 
9-967868 
9-967804 
9-967746 
9-967687 
9-967628 
9-967670 
9-967611 
9-967451 
9-967893 
9-967885 
9-967276 
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0 

1 

2 

8 

4 

5 

6 

7 

8 
/9 
10 
11 
121 
18 
14 
15 
16 
17 
18 
19 
20 
21 
22 
28 
24 
25 
26 
27 
28 
29 
80 
81 
82 
83 
84 
85 
86 
87 
88 
89 
40 
41 
42 
48 
44 
45 
46 
47 
48 
49 
60 
51 
52 
58 
64 
65 
66 
57 
68 
59 
60 


9-625948 
9-686219 
9-626490 
9-626760 
9-627080 
9-627300 
9-627570 
9-627840 
9-628109 
9-628848 
9-628647 
9-628916 
9-629185 
9-629458 
9-629721 
9-629989 
9-680257 
9-680524 
9-630792 
9-681059 
9-681826 
9-681593 
9-631859 
9-632125 
9-632392 
9-632658 
9-632923 
9-683189 
9-683454 
9-633719 
9-638984 
9-684249 
9-634514 
9-634778 
9-635042 
9-635306 
9-635570 
9-635884 
9-686097 
9-686360 
9-686628 
9-686886 
9-637148 
9-637411 
9-637678 
9-637985 
9-688197 
9-688458 
9-638720 
9-688981 
9-689242 
9-639508 
9-639764 
9-640024 
9-640284 
9-640544 
9-640804 
9-641064 
9-641824 
9-641583 
9-641842 


451 
451 
451 
450 
450 
450 
449 
449 
449 
448 
448 
447 
447 
447 
446 
446 
446 
446 
445 
445 
445 
444 
444 
444 
448 
448 
448 
442 
442 
442 
441 
441 
440 
440 
440 
489 
489 
489 
438 
438 
438 
487 
487 
487 
487 
486 
436 
486 
485 
486 
435 
434 
434 
484 
483 
488 
483 
482 
432 
432 


874052! 

878781 1  ! 

373510  ! 

8782401, 

'8729701 

372700  , 

372480, 

872160 

'871891 ;, 

871622  il 

3718581 

3710841, 

870815 i  I 

870547 

870279 

•870011 

369743 

'869476 

869208 

-868941 

368674 

-368407 

868141 

867876 

867608 

-867842 

867077 

866811 

866546 

-366281 

866016 

865751 

365486 

865222 

864958 

364694 

364430 

364166 

363903 

863640 

368877 

863114 

-862852 

862589 

-362827 

362065 

-361803 

361642 

361280 

361019 

■860758 

'360497 

360286 

-369976 

859716 

359466 

369196 

858086 

858676 

858417 

'338158 


9-668673 
9-669002 
9-669332 
9-669661 
9-669991 
9-670320 
9-670649 
9-670977 
9-671806 
9-671634 
9-671963 
9-672291 
9-672619 
9-672947 
9-673274 
9-678602 
9-678929 
9-674257 
9-674684 
9-674910 
9-675237 
9-675564 
9-675890 
9-676217 
9-676543 
9-676869 
9-677194 
9-677520 
9-677846 
9-678170 
9-678496 
9-678821 
9-67&146 
9-679471 
9-679795 
9-680120 
9-680444 
9-680768 
9-681092 
9-681416 
9-681740 
9-682063 
9-682387 
9-682710 
9-688038 
9-688366 
9-683679 
9-684001 
9-684824 
9-684646 
9-684968 
9-686290 
9-686612 
9-686984 
9-686255 
9-686577 
9-686898 
9-687219 
9-687640 
9-687861 
9-688182 


660 
649 
549 
649 
548 
648 
548 
548 
547 
547 
547 
647 
546 
546 
646 
646 
545 
546 
646 
544 
544 
644 
644 
543 
548 
548 
648 
642 
642 
542 
542 
641 
641 
641 
541 
640 
640 
640 
640 
689 
539 
639 
589 
588 
688 
538 
638 
637 
687 
687 
537 
586 
686 
636 
686 
635 
585 
585 
585 
534 


110-381327 
10-380998 
10-880668 
10-880889 
10-880009 
10-829680 
10-829361 
10-829023 
10-828694 
10-828366 
10-328037 
10-327709 
10-327381 
10-827063 
10-826726 
10-326898 
10-826071 
10-825748 
10-826416 
10-325090 
10-824768 
10-824486 
10-824110 
10-328788 
10-828467 
10-328181 
10-822806 
10-822480 
10-822164 
10-821829 
10-821604 
10-821179 
10-820864 
10-820529 
10-820205 
10-319880 
10-819566 
10-819232 
10-818908 
10-818684 
10-318260 
10-317937 
10-817613 
10-317290 
10-316967 
10-816644 
10-316821 
10*816999 
10-315676 
10-816364 
10-815032 
10-314710 
10*814388 
10-814066 
10-818745 
10-813428 
10-318102 
10-312781 
10-312460 
10-812189 
10-311818 


-042724 

-042783 

•042842 

•042901 

-042960 

-043019 

-048079 

•048138 

-048197 

•043256 

•043816 

-048875 

•048484 

•048494 

•048563 

-048618 

-043673 

-048732 

•048792 

•043852 

-048911 

-048971 

-044031 

-044091 

-044161 

-044211 

-044271 

•044381 

-044891 

-044462 

-044512 

•044672 

•044682 

-044698 

-044758 

-044814 

-044874 

-044936 

•044996 

-046056 

•046117 

•046177 

•046288 

-045299 

-046860 

-046421 

-045482 

-046548 

•046604102 

-046665102 

-045726102 

-046787102 

-045848102 

-O45910;i02 

•046971102 

-046032102 

-046094102 

-OI6166'l02 

•046217  102 

-046278  102 

-046840103 


9-957276  60 
98  9*957217  59 


9-967158  58 
9-957099  57 
9-957040  56 
9-956981  55 
9-956921154 
9-956862  53 
9-956803  52 
9-956744151 
9-956684' 50 
9-956625  49 
9-956566  48 
9-956506.;47 
9-956447 '46 


99 
99 
99 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 


9-956327  44 
9-956268  48 
9-956208!  42 
9-956148  41 
9-9560691  40 
9  *9560*'9'  '39 
9-95596988 
9-956909  37 
9-955849  36 
9-95578935 
9-955729  34 
9*955669  SS 
9-955609  32 
9-955548  31 
9-955488130 
9-955428.  29 


101  9-955368  28 


101 
101 
101 
101 
101 
101 
101 
101 
101 
101 
101 
101 
101 
101 
102 


9*955307  27 
9-955247  26 
9-965186  25 
9-955126  24 
9-955065  2S 
9-955005  22 
9-954944  21 
9-954888  20 
9-954823  19 
9-954762  18 
9-954701  17 
9-954640  16 
9-954579  15 
9-954518  14 
9-954457  13 
9-954896  12 
9-954385  11 
9-954274  10 
9*954213  9 
9-964152^ 
9-954090! 
9-954029) 
9-958968> 
9-958906; 
9-953845 
9-9637831 
9-953722 
9-958660, 
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-781141 
-731444 
-731746 
•732048 
•732851 
•732658 
-732955 
-738257 
•733558 
•783860 
•734162 
•734468 
•734764 
•735066 
•735367 
•735668 
-735969 
•736269 
•736570 
•736871 
-737171 
•737471 
•737771 
-738071 
•738871 
-738671 
•788971 
•739271 
•739570 
•739870 
•740169 
•740468 
•740767 
•741066 
-741865 
•741664 
■741962 
•742261 
-742559 
•742858 
•748156 
•748454 
•748752 


8»o*nt.  I  CoUngnat. 


508 
508 
507 
507 
507 
607 
507 
506 
506 
506 
606 
506 
505 
505 
506 
505 
505 
504 
504 
504 
504 
504 
508 
508 
503 
508 
508 
508 
502 
502 
502 
502 
502 
501 
501 
501 
601 
501 
500 
500 
500 
500 
500 
500 
499 
499 
499 
499 
499 
498 
498 
498 
498 
498 
498 
497 
497 
497 
497 
497 


OoteBg«&t. 


10-274826 
10-274021 
10-278716 
10-278412 
10-278108 
10-272803 
10^272499 
10^272195 
10^271891 
10-271588 
10-271284 
10^270980 
10-270677 
10-270374 
10-270071 
10-269767 
10-269465 
10-269162 
10-268859 
10-268556 
10-2682^4 
10-267952 
10-267649 
10-267347 
10-267045 
10-266748 
10-266442 
10-266140 
10-265838 
10^265587 
10-265236 
10-264934 
10-264633 
10-264332 
10-264031 
10-263781 
10^268430 
10-268129 
10^262829 
10-262529 
10-262229 
10-261929 
10-261629 
10-261329 
10-261029 
10-260729 
10^260430 
10-260130 
10-259881 
10.259632 
10-259233 
10-258934 
10-258685 
10-258336 
10-268038 
10-257739 
10-257441 
10-257142 
10-256844 
10-256646 
10-256248 


TaBg<nt 


S«eanfc. 


•054065 

[•054182 
•054200 
•054267 
•054384 
•064402 
•054469 
■054586 
•054604 
•064672 
•054789 
•064807 
1064876 
06494: 
i-055010 
•055078 
-055146 
-055214 
•065282 
-066360 
-065418 
•056486 
•055654 
-056628 
•065691 
■066759 
•055828 
•065896 
•055964 
•056088 
-056102 
•066170 
•066289 
•056307 
•056376 
•056445 
-056614 
-056583 
•056662 
056721 
•066790 
•066859 
•056928 
•066997 
-067066 
057136 
•057205 
•057274 
•057844 
•057413 
•067488 
•067552 
•057622 
•067692 
•067761 
•057881 
•057901 
•057971 
-058041 
•058111 
•068181 


CoMoant. 


Diff. 
100" 


112 
112 
112 

112 
112 
112 
112 
113 
118 
118 
118 
113 
113 
118 
118 
118 
113 
118 
118 
118 
114 
114 
114 
114 
114 
114 
114 
114 
114 
114 
114 
114 
114 
115 
116 
116 
115 
116 
116 
116 
116 
115 
116 
115 
115 
115 
116 
116 
116 
116 
116 
116 
116 
116 
116 
116 
116 
116 
116 
117 


Ooiia*. 


60 
59 
58 
57 
56 
55 
54 
53 
52 
51 
50 
49 
48 
47 
46 


9945985 

9-945868 

9-945800 

9-946783' 

9-9466661 

9-945698 

9-946531I 

9-946464, 

9-9468961 

9-946828' 

9-9462611 

9-946193 

9-9451251 

9-946058| 

9^944990 

9-944922 

9-944864I 

9^944786, 

9-9447^8! 

9-944650| 

9-944582I40 

9-944514ii39 

9^944446 138 

9-944877'|37 

9-944809J36 

9^944241  ;!36 

9-944172I34 

9^944104i;33 

9-944036!82 

9^943967l|31 

9^943899  '30 

9^943880||29 

9-948761 128 

9-948693||27 

9-948624  '26 

9-948655>|25 

9-943486 124 

9-9434l7l|23 

9-948348|22 

9-943279.21 


r 

9-948210,20 

9-94314L19 

9-948072;|l8 

9-943003;|17 

9-942984Jl6 

9-942864'|16 

0-942795||14 

9^942726  18 

9^942656''12 

9-9426871 11 

9-942617' 

9-9424481 

9-942878; 

9-942808' 

9-942239 

9-9421691 

9-942099 

9-942029,' 

9-941959; 

9^941889, 

9^941819' 


01  PE9. 


70 
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29] 


Oi  9-686671 
1 '  9-686799 
2!  9-686027 
8  9-686264 
4 '  9-686482 
61  9-686709 
6 :  9-686986 
7  I  9-687163 
8 ,  9-687889 
9-687616 
9-687848 
9-688069 
9-688296 
9-688621 
9-688747 
16  ,9-688972 
16  9-689198 
9-689428 
.  9-689648 
9-689878 
9-690098 
9-690828 
'  9-690548 
9-690772 
,  9-690996 
9-691220 
9-691444 
9-691668 
9-691892 
,9-692116 
1 9-692889 
.  9-69266: 
9-692785 
9-698008 
,  9-698281 
!  9-698468  871 
.9-698676  871 
,  9-698898  870 
!  9-694120  870 
19-694342  870 
19-694664  370 
1 9-694786  869 
9-696007  869 
9-696229  869 
9-696460  869 
9-696671!  868 
9-696892|  368 
9-696118  868 
9-696884  868 
1 9-696664  867 
9-696776'  867 
9-696996'  867 
9-697215  867 
1 9-697435' 866 
9-697664  866 
9-697874  866 
9-698004  366 
9-698818  865 
9-698682  365 
9-698761  866 
9-698970  866 


9 
10' 

12 
IS  I 
14. 


Dig.  ' 


Diff. 


880' 

879  I 

879 

879' 

3791 

878 

878  I 

878, 

8781 

877 

877 

377 

877 

876 

876 

876 

876 

875 

876 

875 

876 

874 

374 

374 

374 

878 

878 

378 

878 

872 

872 

872 

371 

371 


-814429 
•614201 
•818978 
-813746 
•818618 
•813291 
•318064 
-312887 
-812611 
•312384 
-312157 
•311981 
•811705 
•811479 
•311263 
-811028 
•81080'2 
-810577 
-810362 
-810127 
•809902 
•809677 
•809452 
-309228 
-809004 
•808780 
•808566 
•808382 
•808108 
-807886 
•807661 
-807488 
•307216 
-806992 
•806769 
•306547 
•806324 
-306102 
•806880 
•306668 
•306486 
•805214 
•304993 
•304771 
•304650 
•804829 
•804108 
•308887 
•803666 
•308446 
•303225 
•808005 
•802786 
•802565 
•302846 
•802126 
-801906 
•801687 
•801468 
-801249 
-801080 


9-748752 
9-744060;  496 
9-744848,  496 
9-744645'  496 
9-744948'  496 
9-745240!  496 

;  9-746538'  496 
9-7468851  496 
9-746132  496 
9-746429 
9-746726 

'9-747023 
9-747819 
9-747616 

5  9-747918 

i  9-748209 
9-748605 

;  9-748801 

1 9-749097 

,  9-749898 

19-749689 


1 9-749985 

9-760281 

19-760576 

'19-750872 

1' 9-751167 

'9-751462 

'.9-751767 

19-762062 

i|  9-762847 

!  9-762642 

I  9-762937 

9-763231 

9-768626 

9-768820 

9-754115 

9-764409 

9-754703 

9-754997 

9-756291 

9-766585 

9-756878 

9-756172 

9-756466 

9-766769 

9-767052 

9-757845 

9-757688 

9-767931 

9-758224 

9-758617 

9-758810 

9-759102 

9-769395 

9-759687 

9-769979 

9-760272 

9-760564 

9-760856 

9-761148 

9-761489 


495 
496 
496 
494 
494 
494 
494 
494 
494 
498 
498 
498 
493 
493 
493 
492 
492 
492 
492 
492 
491 
491 
491 
491 
491 
491 
490 
490 
490 
490 
490 
490 
489 
489 
489 
489 
489 
489 
488 
488 
488 
488 
488 
488 
487 
487 
487 
487 
487 
487 
486 
486 


iMamgnL 


10-256248 
10-266960 
10-266662 
ip-266366 
it-266067 
10-254760 
10-264462 
10-264166 
10-258868 
10-258671 
10-268274 
10-262977 
10-262681 
10-252884 
10'262067 
10261791 
10-261495 
10-251199 
10-250903 
10-250607 
10-250811 
10-250015 
10-249719 
10-249424 
10-249128 
10-248888 
10-248638 
10-248248 
10-247948 
10-247668 
10-247368 
10-247068 
10-246769 
10-246474 
10-246180 
10-246886 
10-246691 
10-245297 
10-246008 
10-244709 
10-244416 
10-244122 
10248828 
10-243586 
10-243241 
10-242948 
10-242655 
10-242862 
10-242069 
10-241776 
10-241488 
10-241190 
10-240898 
10-240605 
1 0-240818 
10-240021 
10-289728 
10-289436 
10-289144 
10-283852 
10-288661 


•068181 
•068251 
•068821 
•058891 
•068461 
068681 
•068602 
-068672 
-068742 
068818 
•068888 
•058964 
-059026 
•069096 
•069166 
-059287 
•059867 
•060878 
-069449 
•069520 
•069691 
•059662 
•069788 
-069804 
-069876 
•059946 
060018 
060089 
060160 
060282 
060808 
•060376 
060446 
•060518 
•060590 
•060661 
-060788 
•060805 
•060877 
•060948 
•061020 
-061092 
•061164 
•061287 
•061309 
061881 
•061468 
•061525 
061698 
•061670 
•061742 
061816 
•061887 
•061960 
•062038 
•062105 
•062178 
•062261 
•062824 
-062890 
•062469 


117 
117 


9-941819  tK) 
9-941749' 59 
9-941679  58 
117  9^941609"57 
117  9-941589  56 
11719-941469I55 
11719-941898  54 
117:9941828*53 
117  9941258  52 
117;9-941187  51 
117:9941117  50 

117  9-941046  49 

118  9-940975  ;48 
11819-940905' 47 
118i9-940884,46 
118,9-94076845 
118:9-940698 ,44 


118 
118 
118 
118 
118 
118 
118 
118 
119 
119 
119 
119 
119 
119 
119 
119 
119 
119 
119 
119 
120 
120 
120 
120 
120 
120 
120 
120 
120 
120 


9-940622  '43 
9-94055142 
9-940480  41 
9-940409  40 
9-940838;39 
9-940267I88 
9-940196  37 
9-940125  36 
9-940064  35 
9939982  34 
9-98991i;33 
9-939840'32 
9-939768'31 
9989697,'30 
9-939625|29 
99896&4'28 
9-930482 ,27 
9-939410  "26 
9939839;25 
9939267124 
9939195'|23 
9-989123:22 
9-939052121 
9-938980;20 
9^938908'19 
^938836|l8 
9-938763  jl  7 
9938691  16 
99686I9I15 


9938647 


120!9938475 
9-938402 


120 
121 
121 
121 
121 
121 
121 
121 
121 
121 
121 
121 
121 


9-938830 

9-938268 

9-988185 

9-938118 

9-938040) 

9-98796 

9-937895 

9-937822 

9-937749 

9-937676 

9-987604 

9937681 


I 


8»«Mit.        OatMfat. 


T»ai«nt.     IIOwmmaT 


Um. 
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ggf;     Ooneaat.       TugviU.      ^;      Gotangeni. 


Bin*. 


0 

1 

I 

4 

5 

6 

7 

8 

9 
10 
11 
12 
13 
14 
16 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
81 
32 
38 
84 
85 
36 
37 
88 
89 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
62 
53 
54: 
55 
56 
57 
58 
59 
60 


698970 
699189 
699407 
699626 
699844 
700062 
700280 
700498 
700716 
700988 
701161 
701868 
701585 
701802 
702019 
702286 
702452 
702669 
702886 
703101 
703817 
708583 
708749 
708964 
704179 
704896 
704610 
704825 
705040 
705254 
706469 
705683 
706898 
706112 
706826 
706689 
706763 
•706967 
707180 
707393 
"707606 
707819 
708082 
•708245 
708458 
708670 
708882 
709094 
709306 
709518 
709730 
709941 
710153 
710864 
710675 
710786 
710997 
711208 
711419 
711629 
711839 


864 
864 
864 
864 
863 
863 
363 
863 
363 
862 
862 
362 
862 
861 
361 
861 
861 
860 
860 
860 
860 
859 
859 
869 
869 
859 
358 
858 
358 
858 
357 
857 
857 
857 
856 
35& 
356 
866 
855 
855 
355 
865 
854 
864 
864 
854 
863 
863 
868 
353 
363 
852 
862 
852 
862 
351 
851 
361 
351 
360 


•801030 
•300811 
•300598 
•800874 
•300156 
•299938 
•299520 
•299702 
•299284 
•299067 
•298849 
•298682 
•298416 
•298198 
•297981 
•297764 
•297648 
•297831 
•297116 
•296899 
•296683 
•296467 
•296251 
•296036 
•295821 
•295006 
•296390 
•295175 
•294960 
•294746 
•294631 
•294317 
•294102 
•298888 
•298674 
•293461 
•293247 
•293083 
•292820 
•292607 
•292394 
•292181 
•291968 
•291755 
•291542 
•291330 
•291118 
•290906 
•290694 
•290482 
•290270 
•290069 
•289847 
•289636 
•289425 
•289214 
•289003 
•288792 
•288581 
•288371 
•288161 


9^761489 
9^761781 
9-762028 
9^762314 
9-762606 
9-762897 
9^763188 
9-763479 
9-763770 
9-764061 
9^764862 
9^764648 
9-764983 
9-765224 
9^765514 
9-765805 
9-766095 
9-766386 
9-766676 
9-766966 
9-767255 
9-767545 
9-767834 
9-768124 
9-768414 
9-768703 
9-768992 
9-76^281 
9-769570 
9-7698G0 
9-770148 
9-770437 
9-770726 
9-771015 
9-771803 
9-771692 
9-771880 
9^7721 68 
9-772467 
9^772745 
9^778038 
9^778321 
9-778608 
9-773896 
9-774184 
9-774471 
9-774769 
9-775046 
9-775383 
9-775621 
9^775908 
9-776195 
9-776482 
9-776769 
9-777055 
9-777342 
9-777628 
9-777915 
9-778201 
9-778487 


486 
486 
486 
486 
486 
486 
485 
486 
485 
485 
485 
484 
484 
484 
484 
484 
484 
488 
488 
488 
488 
483 
488 
482 
482 
482 
482 
482 
482 
481 
481 
481 
481 
481 
481 
481 
480 
480 
480 
480 
480 
480 
480 
479 
479 
479 
479 
479 
479 
478 
478 
478 
478 
478 
.478 
478 
477 
477 
477 


9-778774  477 


Saoaat.     ii  Ootanggnt.  I 


10-238661 
10-288269 
10-287977 
10-237686 
10-287394 
10-237108 
10-236812 
10-286521 
10-236280 
10-236989 
10-286648 
10-235367 
10-285067 
10-234776 
10-234486 
10-234196 
10-283906 
10-233616 
10-233326 
10-233035 
10-232745 
10-232465 
10-232166 
10-231876 
10-231586 
10-231297 
10-231008 
10-230719 
10-280480 
10-230140 
10-229852 
10-229568 
l'0-229274 
10-228985 
10-228697 
10-228408 
10-228120 
10-227832 
10-227543 
10-227256 
10-226967 
10-226679 
10-226392 
10-226104 
10-226816 
10-226529 
10-226241 
10-224954 
10-224667 
10-224879 
10-224092 
10-223805 
10-223618 
10-228281 
10-222946 
10-222668 
10-222372 
10-222086 
10-221799 
10-221513 
10-221226 


BMant 


S?'  o^'^ 


•06246*) 
•062542 
•062616 
-062688 
•062762 
-062835 
-062908 
•062981 
•068054 
•063128 
•063201 
•063275 
-068848 
063422 
063495 
068669 
•063643 
063716 
068790 
0638^4 
063988 
•064012 
064086 
064160 
064284 
064308 
-064382 
064467 
064581 
•064605 


•064754 
064829 
064903 
064978 
065062 
065127 
065202 
066277 
066851 
065426 
•065601 
065576 
•065651 
065726 
065801 
•065877 
066952 
066027 
066102 
066178,126 


121 
122 
122 
122 
122 
122 
122 
122 
122 
122 
122 
122 
123 
123 
128 
123 
123 
123 
123 
123 
123 
123 
123 
123 
124 
124 
124 
124 
124 
124 
124 
124 
124 
124 
124 
124 
124 
125 
125 
125 
125 
125 
125 
125 
125 
126 
125 
125 
125 


066253126 
066329  126  . 
066404  126  9 
0664801126 
•066565  126 
06G68l!l26 
066707,126 
066783126 
•066859  126 
066934  1269 


987681 

•987458 

987886 

987812 

987288 

987165 

-937092 

987019 

986946 

936872 

986799 

•986725 

-986652 

•936578 

986505 

936481 

-986857 

936284 

-986210 

•936136 

936062 

935988 

935914 

986840 

935766 

985692 

986618 

936643 

985469 

935895 

935820 

936246 

935171 

•935097 

985022 

93494825 

934873:  24 
9-934798128 
9-934723 122 

i  o 


60 
69 
68 
57 
56 
56 
54 
53 
52 
61 
50 
49 
48 
47 
46 
45 
44 
43 
42 

^^ 
40 

39 

38 

37 

136 

|36 

84 

33 

32 

!31 

30 

29 

28 

27 

'26 


9-934649  21 
9-984674  20 


•934499  ;i9 

-934424  18 

•984349  17 

-934274,16 

-934199116 

-934128,114 

-984048  13 

-938973'll2 

-933898|:11 

-933822,110 

-988747li  9 

-9336711 

•933596! 

•933520; 

933445: 

■933369 

•933293 

933217 

933141 

933066 


Taageiit.        Comcant.  I 


8ino. 


o2 


59  oxa. 


72 

81  PBO. 


LO0ARITHMIC  SINKS,  BTO. 


0|i9-71l83y 
II' 9-712050 
2'i9-71:J2tiO 
8 1]  9-712469 
4  [I  9-712079 
5 'I  9-712889 
6'!  9-718098 

7  \\  9-713308 

8  9-713517 


9 
10 
11 
12 
13 


9-718726 
9-713930 
9-714144 
9-714352 
9-714561 
14  il  9-714769 
16 '19-114078 


Diir. 


850 

850 
850 
349 
849 
849 
349 
849 
848 
348 
348 
848 
347 
847 
847 


16.  9-715186  347 


9-715394 


18  9-715602 
19119-715809 
20"  9-716017 


9-716224 
9-716432 
9-716639 
9-716846 


25  19-717068 

26  !|  9-717259 

27  '1  9-717466 


347 
346 
846 
846 
346 
845 
345 
345 
345 
345 
844 


28 'I  9-717673  844 


29  19-717879  344 

80;9-71808r>  344 


31 
82 
83 
84 
35 
36 
37 
88 
89 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
61 
52 
53 
54 
55 
56 
67 
58 
69 
60 


9-718291 
9-718497 
9-7187Q3 
9-718909 
9-719114 
9-719820 
9-719525 
9-719730 
9-719935 
9-720140 
9-720345 
9-720549 
9-72076 1 


9-720958  840 


9-721162 
9-721366 
9-721570 
9-721774 
9-721978 
9-722181 
9-722885 
9-722588 
9-722791 
9-722994 
9-723197 
9723400 
9-723603 
9-723805 
9-724007 
9-724210 


C«>sin». 


848 
843 
343 
843 
843 
342 
342 
342 
842 
341 
341 
341 
841 


840 
840 
340 
840 
339 
889 
839 
389 
839 
888 
838 
388 
388 
887 
337 
837 


OoMouit.        T&afeat. 


-288161 
•287960 
■287740 
■287581 
-287821 
•287111 
•286902 
•286692 
•285488 
286274 
•286065 
285856 
-286648 
-285489 
•285281 
-286022 
-284814 
•284606 
•284398 
-284191 
-283983 
•288776 
■288568 
•283861 
-288154 
•282947 
282741 
•282534 
•282327 
•82121 
•281915 
•281709 
-281603- 
-281297 

•281091 ; 

-280886 
■280680  < 
•280475 
■280270 
-J:80065 
•279860 
-279666 
-279461 
279246 
279042 
-278838 
•278684 
-278430 
•278226 
278022 
■277819 
•277615 
•277412 
•277209 
•277008 
•276803 
•276600 
•276897 
•276195 
6998 
•275790 


Diff. 
100" 


9-778774 
9-779060 
9-779846 
9-779682 
9-779918 
9-780203 
9-780489 
9-780776 
9-781060 
9-781846 
9-781681 
9-781916 
9-782201 
9-782486 
9-782771 
9-783066 
9-783341 
9-783626 
9-783910 
9-784195 
9-784479 
9-784764 
9-785048 
9-785332 
9-786616 
9-785900 
9-786184 
9-7864681 
9-7867521 
9-787036; 
9-787819 
9-787603; 
9-787886 
9-788170 
9-7884531 
9-788736! 
9-789019; 
9-789302: 
9-789585' 
9-789868' 
9-790151 
9-790433 
9-790716 
9-790999 
9-791281 
9-791503] 
9-791846 
9-792128 
9-792410 
9-792692 
9-792974 
9-798256 
9-798638 
9-793819 
9-794101 
9-794383 
9-794664 
9-794945 
9-795227 
9-795508 
9-795789 


Ootangvnt. 


,10-221226 
477  10-220940 
477  10-220654 
477  1 10-220868 
476 '10-220082 


I      Secant. 


CotM|C*Bfe. 


476 

476 
476 
476 
476 
476 
476 
475 
475 
476 
475 
476 
475 
474 
474 
474 
474 
474 
474 
474 
478 
473 
478 
478 
473 
473 
473 
472 
472 
472 
472 
472 
472 
472 
471 
471 
471 
471 
471 
471 
471 
470 
470 
470 
470 
470 
470 
470 
469 
469 
469 
469 
469 
469 
469 
468 


10-219797 
10-219511 
10-219225 
10-218940 
10-218654 
10-218869 
10-218084 
10-217799 
10-217514 
10-217229 
10-216944 
10-216659 
10-216374 
10-216090 
10-215805 
10-215521 
10-215236 
10-214952 
10-214668 
10-214384 
10-214100 
10-213816 
10-218532 
10-218248 
10-212964 
10-212681 
10-212897 
10-212114 
10-211830 
10-211547 
10-211264 
10-210981 
10-210698 
10-210415 
10-210132 
10-209849 
10-209567 
10-209284 
10-209001 
10-208719 
10-208437 
10-208154 
10-207872 
10-207590 
10-207808 
10-207026 
10-206744 
10-206462 
10-206181 
10-205899 
10-206617 
10-206836 
10-206065 
10-204773 
10-204492 
10-204211 


T»nf»nt. 


066984 
067010 
j -067086 
•067162 
-067288 
-067816 
•067891 
-067467 
-067648 
•067620 
-067696 
•067772 
•067849 
•067925 
-068002 
•068079 
•068156 
•068282 
•068809 
-068886 
•068468 
•068640 
•068617 
-068694 
•068771 
•068848 
-068926 
-069002 
-069079 
•069157 
•069234 
•069312 
•069889 
-069467 
•069544 
•06%22 
•069700 
-069777 
•069855 
•069933 
•070011 
-070089 
•070167 
•070245 
•070823 
-070401 
•070479 
•070568 
•070686 
•070714 
•070798 
•070871 
-070950 
•071028 
•071 10" 
•071185 
•071264 
•071848 
-071422 
•071601 
•071580 


DW. 

100" 


126 
127 
127 
127 
127 
127 
127 
127 
127 
127 
127 
127 
127 
128 
128 
128 
128 
128 
128 
128 
128 
128 


GMia«. 


9-933066  60 
9-98299059 
9-982914;58 
9982838*  67 
9982762  56 
9-982685',5o 
9-932609::54 
9982683'53 
9-982457  52 
9-932380  51 
9-982804  50 
9-982228  49 
9-932151 '48 
9-982075  47 
9-931998 '46 
9-931921  45 
9-931845  44 
9-931768  43 
9-981691 .42 
9-931614  41 
9-931687 ,40 
9-981460  39 
9-981888  38 


128  9-981306  87 

128  9-931229  36 
129'9-931152  85 
129'9-931075  34 

129  9-980998  33 
129|9-930921  32 
129  9.980843  31 


129 

129 
129 
129 
129 


9-980766*30 
9-980688129 
9-93061l'28 
9.930533,27 
9-930456;'26 

129  9-930378il25 
129 
180 
130 
130 

9-929989ib>0 

9-92991  li'l9 

180|9.929833:il8 

130  9929756 117 
180  9-929677,jl6 
180  9-929699  lis 
130  9-929521,14 
150  9-929442,13 
130  9-929364  12 


180 
130 


9-930300,24 
9-930223';23 
9-930145*22 
9-980067''21 


131 
181 
181 
131 
181 
181 
181 
181 
181 
181 
131 
181 


9-929286,11 
9-929207'10 


9-929129 
9.929050 
9928972' 
9-928893 
9.928815 
9^928786 
9.92865? 
9^928578 
9928499 
9^928420, 


Sin*. 


68  DM. 


LOeABIIHMIO  8I5£B,  SIC. 


78 


32  DK«. 


0 

1 

.2 
8 
4 
5 
6 
7 
8 
9 

10 
11 
12 
18 
14 
16 
16 
17 
18 
19 
20 
21 
22 
28. 


9*724210 
9-724412 
9*724614 
9-724816 
9-726017 
9-726219 
9-726420 
9-726622 
9-726823 
9-726024 
9-726226 
9-726426 
9>726626 
9-726827 
9-727027 
9-727228 
9.727428 
9-727628 
9727828 
9-728027 
9-728227 
9-728427 
9-728626 
9-728826 


24  '9-729024 


26 
26 
27 

28  i 
29 
80 
81 
82 
88 
S4! 
86 
86 
87j 
88! 
89 
40 
41 
42 
48 
44 
461 
46 
47 
48 
49 
60 
61 
62 
68; 
641 
651 
66 1 
671 
68! 
69  I 
_60| 


9-729223 
9-729422  381 


837 
337 
336 
336 
886 
336 
336 
386 
886 
886 
886 
884 
334 
334 
334 
884 
883 
838 
838 
388 
833 
382 
332 
332 
382 


9-729621 
9-729820 
9-730018 
9-780217 
9-780415 
9-730618 
9-730811 
9-731009 
9-781206 
9-731404 
9-781602 
9-781799 
9-781996 
9-732193 
9-782890 
9-732687 
9-782784 
9-782980 
9-738177 
9-788873 
9-738669 
9-788766 
9-738961 
9-734167 
9-784863 
9-734649 
9-734744 
9-734989 
9-735135 
9-786830 
9-735625 
9-736719 
9-736914 
9-736109 


331 
881 
831 
330 
830 
830 
830 
330 
329 
320 
329 
829 
329 
828 
328 
828 
828 
828 
327 
827 
827 
327 
827 
826 
826 
826 
826 
326 
825 
826 
326 
326 
324 
324 


•276790 
•276688 
-276886 
•276184 
-274983 
•274781 
•274680 
-274878 
-274177 
-273976 
-278776 
-278674 
•278374 
•278178 
•272973 
•272772 
-272672 
•272372 
•272172 
•271973 
•271773 
•271678 
•271374 
•271176 
•270976 
-270777 
•270678 
•270379 
-270180 
•269982 
•269788 
•269685 
•269387 
•269189 
•268991 
•268794 
•268596 
•268898 
•268201 
•268004 
•207807 
-267610 
-267413 
•267216 
•267020 
•266828 
•266627 
•266481 
•266236 
•266089 
•266848 
•266647 
•266461 
•266266 
•266061 
•264865 
-264670 
-264476 
•264281 
•264086 
•268891 


TmngtvtL 


9-796789 
9-796070 
9-796861 
9-796632 
9-796918 
9-797194 
9-797476 
9^797766 
9-798036 
9-798316 
9-798596 
9^798877 
9^799157 
9-799437 
9-799717 
9-799997 
9^8002y7 
9-800667 
1 9-800836 
9-801116 
9-801396 
9-801676 
9-801966 
9-802234 
9-802618 
9-802792 
9-803072 
9-803351 
9-808630 
i  9-808908 
9-804187 
9-804406 
9-804746 
9-806023 
9-806302 
9-806580 
9-806859 
9-806137 
9-806416 
9-806693 
9-806971 
9-807249 
9-807527 
9-807806 
9-808088 
9-808861 
9-808638 
9-808916 
9-809193 
9-809471 
9-809748 
9-810025 
9-810302 
9-810580 
9-810657 
9-811134 
9-811410 
9-811687 
9-811964 
9-812241 
9-812517 


Diff. 
lOIH' 


468 

468 
468 
468 
468 
468 
468 
467 
467 
467 
467 
467 
467 
467 
467 
466 
466 
466 
466 
466 
466 
466 
466 
466 
466 
406 
466 
466 
466 
465 
465 
464 
464 


Ootaacvnt. 


10-204211 
10-208980 
10-208649 
10-203368 
10-203087 
10-202806 
10-202526 
10-202245 
10-201964 
10-201684 
10201404 
10^201123 
10^200843 
10-200568 
10-200283 
10-200003 
10199728 
10-199443 
10-199164 
10-198884 
10-198604 
10-198326 
10-198046 
10-197766 
10-197487 
10-197208 
10-196928 
10-196649 
10196370 
10-196092 
10-196813 
10-196584 
10^196255 
10-194977 
464  10-194698 
464  '10-1944^0 
464110-194141 
464  10-193863 
464<10-193585 
464  10-198807 
463  10-193029 
468  10192761 
468  101 92473 
468  '10-192196 
468  10-191917 
463,10-191689 
468 '10-191862 
463  10^191084 
462  10190807 
462  10-190629 
462  10190262 
462  >10-189976 
462  ,10^189698 
462  10-189420 


Die 


462 
462 
461 
461 
461 
461 
461 


10-189148 
10-188866 
10-188690 
10-1888]d 
10188036 
10-187769 
10^187488 


•071680 
•071668 
•071787 
-071817 
•071896 
•071976 
•072064 
•072183 
•072218 
•072292 
•072871 
-072451 
•072680 
•072610 
•072690 
-072769 
•072849 
-072929 
•078009 
•078089 
•078169 
•078249 
•078329 
•078409 
•078489 
•073569 
•078649 
•073780 
•073810 
•078890 
"•073971 
•074051 
•074182 
•074212 
-074298 
•074374 
•074455 
•074535 
'•074616 
i  •07469" 
'•074778 
■074859 
'•074940 
1-075021 
1-075103 
;-076184 
■•075266 
'•076346 
i^075428 
•076509 
•076591 
-076672 
•075754 
-076836 
-076917 
•076999 
•076081 
•076168 
-076246 
■076327 
076409 


132 
182 
182 
132 
182 
182 
182 
182 
182 
132 
182 


OsriB*. 


9-928420' 60 

9-928342  59 

9-928263  58 

9-928188' 67 

9-928104  56 

9^928025  66 

9^927946  54 

9-927867  53 

9-927787  52 

9-927708  61 

9-927629  60 

9927649  '49 

l82;9-927470'48 

18819-927390  47 

183'9'927810:46 

188'9-927281  46 

183'9-927151  '44 

138  9-927071  48 

183  9026991  '42 

133  9-92691 141 
18d'9-9268dl  <40 
183]9-926751  89 
188,9-926671  88 
188  9-926691  87 
133!9-926611  86 
184|9-926481  86 
13419-926861  84 

134  9-926270  88 
13419-926190  82 
134|9-926110  81 
134'9-926029*;«0 
184'9-925949'l29 
134;9-926868, 28 
134  9-926788;,27 

184  9-926707  26 
l34:9-926026'26 
l34l9-926646'24 
136  9-926465'  28 


186'9-925384; 


135 
135 
135 
135 


9-925803: 
9^925222! 


9-926141 


.-_  9926060 
135'9-924979l 
13o:9-^24897 
186J9-924816 
135  9-9247851 
1369-924664I 
136I9-924672 


136 
136 
186 
136 
136 


9-924491 
9-924409| 
9-924828| 
9-92424t)j 
9^924164' 
186:9^924083| 
]36|9-92400l' 
130I9-923919; 
1369-923837| 
136'9-928756! 


Tmmync     I  Qoieoat. 


187 
187 


9-9286731 
9-928691 


^7  DKO. 


74 


83  DBA. 


IiOOARITHMIO  BINBSy  BTC. 


0 
1 
2 
8 
4 
6 
6 
7 
8 
9 

10 
11 
12 
18 
14 
16 
16 
17 
18 
19 


9-786109 
9-786803 
9-786498 
9-786692 
9-786886 
9-787080 
9-787274 
9-787467 
9-787661 
9-787866 
9-738048 
9-788241 
9-788484 
9-7S8627 


9-738820 
'  9-789018 
9-789206 
9-789398 
9-789690 
_  9-789783 
201  9-789976 


21 
22 
23 
24 
25 
26 
27 
28 


9-740167 
9-740869 
9-740650 
9-740742 
9-740984 
9-741125 
9-741816 
9-741608 


29 1;  9-741699 
80 1!  9-741889 


^^\ 


OoMCUt   I    TftBgvai. 


824 
824 
324 
828 
828 
828 
328 
328 
822 
822 
822 
822 
822 
821 
821 
821 
821 
821 
820 
820 
320 
320 
820 
819 
319 
319 
819 
819 
818 
818 
318 
318 


81  !|  9-742080 
82;:  9-742271 
881,9-742462  818 
84  : 9-742662  317 
86^:9-742842  817 
86!!  9-748083  817 
37  ,1 9-748228'  817 
38;,  9-748413  817 
891' 9-748602,  816 
40||9-748792|816 
41 ,  9-748982  816 
42  !  9-744171!  816 
43.19-744861816 
44;  9-744660,  816 
45 1;  9-744789  816 
9-744928'  316 
9-746117;  816 
9-746306  316 
9-746494,  314 
9-746688!  314 
19-7468711314 
1 9-746060  814 
9-746248  814 
9-746486  818 
9-746624  818 
9-746812  818 
9-746999  318 
9-747187  318 
9-747374  812 


46 
47 
48 
49 
60 
61 
62 
53 
64 
65 
66 
67 
68 
59 


60  19-747662  812 


'I  CoriD».  I 


-268891 

•268697 

•268602 

-268808 

•268114 

-2629201: 

-262726  |l 

•262633 

-262889 ;. 

•262146 

•261962  , 

•261769  I 

•2616661 

•261378 

-261180, 


•260987 


•260794'! 
•260602  1 
•260410  I 
•260217  , 
•260025 ! 
•269833 
•26^641 1 
'269450 
•269268 
•269066 1 
•258876  I 
-258684 , 
-268492  I 
•268301 ,1 
-268111, 
•2679201' 
•267729" 
•2675381 
•267348 1 
•25715a| 
-256967  I 
-256777 
-256587 
•266398 
•256208 
•256018 
•255829 
•265689 1 
•265460' 
•266261 ! 
•265072 1 
•264883  j 
•264694 . 
•254606 1 
•254317 
•264129 1 
•258940 1 
-253752 1 
•263564 1 
•253376 • 
•253188 
•258001 
•252813 , 
•262626  I 
•252438 1 


9-812517 
9-812794 
9-818070 
9-818847 
9-813628 
9-818899 
9-814176 
9-814452 
9-814728 
9-816004 
9-816279 
9-81 6666 
9816881 
9-816107 
9-816382 
9-816658 
d-816988 
9^817209 
9-817484 
9-817769 
9-818085 
9-818310 
9-818686 
9-818860 
9-819135 
9-819410 
9-819684 
9-819969 
9-820234 
9-820508 
9-820783 
9-821057 
9^821332 
9-821606 
9-821880 
9-822154 
9-822429 
9-822703 
9-822977 
9-828260 
9-828624 
9-823798 
9-824072 
9-824846 
9-824619 
9-824893 
9-825166 
9-826439 
9-826718 
9-826980 
9-826259 
9-826582 
9-826806 
9-827078 
9-827361 
9-827624 
9-827897 
9-828170 
9-828442 
9-828715 
9-828987 


8«<»nt.  I!  Ootongent. 


Dur. 

100« 


461 
461 
461 
460 
460 
460 
460 
460 
460 
460 
460 
460 
459 
469 
469 
469 
459 
469 
469 
459 
469 
468 
468 
468 
458 
468 
468 
468 
468 
468 
467 
457 
457 
457 
467 
467 
457 
457 
457 
466 
466 
466 
466 
466 
466 
466 
456 
466 
456 
455 
465 
455 
465 
455 
455 
455 
455 
454 
454 
464 


OoteBgmk 


10-187488 
10-187206 
10-186930 
10-186668 
10-186377 
10186101 
10186826 
10-185648 
10'186272 
10-184996 
10-184721 
10184446 
10-184169 
10-183898 
10-188618 
10-183842 
10-183067 
10-182791 
10-182516 
10-182241 
10-181966 
10-181600 
10-181415 
10181140 
10-180865 
10-180590 
10-180316 
10-180041 
10-179766 
10-179492 
10-179217 
10-178043 
10-178668 
10-178394 
10-178120 
10-177846 
10-177571 
10177297 
10-177023 
10-176760 
10-176476 
10-176202 
10-176928 
10-176665 
10-175381 
10-175107 
10-174884 
10-174561 
10-174287 
10-174014 
10-173741 
10178468 
10-173196 
10-172922 
10-172649 
10-172376 
10172103 
10171830 
10-171658 
10-171285 
10171013 


-0764091  [9-928591  60 
•076491187  9-923509  59 
-076673  187i9-«28427  58 
•076456il87{9-928845  5: 


187 


■076737 

076810 

•076902 

-076984 

•077067 

-077149  18' 

•On282 

-077314 

•077897 

077480 

•077562 

-077646 

•077728 

•077811 

•077894 

•077977 

-078060 

•078148 

078226 

078309 

078393 

■078476 

078569 

-078643 

078726 

078810 

•078898 

078977 

079061 


0^9144 


187  9*928263  56 
187  9-928181  55 

187  9-928098,  i54 

137  9-928016  58 
9-922988  52 
9-92286r51 

187.9-922768  60 
188:9-922686  49 

188  9-922603  48 
138i9>922520  47 
138i9-922488i46 
18819-922855: 46 
188|9-922272  44 
18819-922189  48 
188i9-922106'42 
188|9-922023  41 
138)9-921940:40 

138  9-921857;  89 
189:9-921774  88 


189 
139 
139 
189 


9-921691  37 
9-921607  36 
9-921524  85 
9-921441 184 
139,9-921857  83 
189  9-921274>.a2 


189 
189 
139 
139 


9-921190  31 
9-921107,130 
9-921023  :!9 
9-920989  28 


139  9-920856-27 


079228140  9-920772  26 
•079312  140  9-920688  i25 
-079396  140  9-920604^24 
079480140  9-920520  23 
079664  140;9-9204d6  22 
-079648  140  9-9203521 21 
079732  l40|9-920268  20 
079816  140=9-92018}  19 
•079901  140.'9-920099  18 
079985;140l9-920015  17 
080069  140  9-919931  <16 
-080164  14l|9-919&46l  15 
•080238  141  9-919762;  14 
080323:i4l|9-919677  18 
080407{l4i;9-919593;|12 
•0804921141  9-919608111 
•080676  14119-919424 '10 


•080661  jl41 19-919889! 
-080746!  141  9-919254: 
•080831il41  9-919169, 


080916 
081000 
081085 
81170 
081266 
081841 
-081426 


T»ng^;nt. 


1419-919085 
14l{9-919000' 
142;9-918915' 
142i9-918880| 
1429-918745 
1429-9186591 
142,9-9185741 


SiA«. 


56 


34  DBO. 


IiOGARTrHMIO  BOSS,  ETC. 


75 


"~0 

8lB». 

Diff. 

o^«i. 

Tangeat. 

Diff. 
lOO* 

Ootui«eBt 

Beeaat. 

Diff. 

OoalM. 

1 

9-7476H2 

-262488 

9-828987 

10171013 

-081426 

9-918574 

w 

1 

9-747749 

312 

•  -252251 

9-829260 

454 

10-170740 

-081511 

142 

9-918489 

69 

2 

9-747936 

812 

•252064 

9-829632 

464 

10-170468 

-081696 

142 

9-918404 

58 

8 

9-748128 

812 

•261877 

9-82JD805 

464 

10170195 

-081682 

142 

9-918318 

57 

4 

9-748810 

811 

-261690 

9-830077 

454 

10-169923 

•081767 

142 

9-918283 

56 

5 

9-748497 

811 

•261603 

9-880849 

454 

10-169661 

-081868 

142 

9-918147 

55 

6 

9-748683 

311 

-261817 

9-830621 

464 

10-169879 

-081938 

142 

9-918062 

54 

7 

9-748870 

811 

•251130 

9-830898 

463 

10-169107 

-082024 

148 

9-917976 

58 

8 

9-749066 

311 

•250944 

9-831166 

463 

10-168836 

•082109 

143 

9-917891 

62 

9 

9-749243 

310 

•260757 

9-831487 

458 

10-168563 

-082195 

143 

9-917805 

51 

10 

9-749429 

310 

•260571 

9-881709 

453 

10-168291 

•082281 

143 

9-917719 

50 

11 

9-749615 

310 

•250385 

9-831981 

453 

10-168019 

•082866 

143 

9-917634 

49 

12 

9-749801 

810 

•260199 

9-832253 

463 

10-167747 

-082452 

143 

9-917548 

48 

18 

9-749987 

310 

•250013 

9-882525 

453 

10-167475 

-082638 

143 

9-917462 

47 

14 

9-760172 

309 

•249828 

9-882796 

453 

10-167204 

-082624 

143 

9-917876 

46 

16 

9-750358 

809 

•249642 

9-838068 

453 

10-166982 

•082710 

143 

9-917290 

45 

16 

9-760543 

809 

•249467 

9-888339 

458 

10166661 

-082796 

143 

9-917204 

44 

17 

9-750729 

809 

•249271 

9-838611 

452 

10-166889 

-082882 

143 

9-917118 

43 

18 

9-760914 

809 

•249086 

9-883882 

462 

10-166118 

-082968 

144 

9-917032 

42 

19 

9-751099 

308 

•248901 

9-834154 

452 

10-166846 

-083054 

144 

9-916946 

41 

20 

9-751284 

808 

•248716 

9-884426 

452 

10-166675 

-088141 

144 

9-916859 

40 

21 

9-751469 

308 

•248681 

9-884696 

452 

10-165804 

-083227 

144 

9-916773.139  I 

22 

9-761654 

308 

•248346 

9-834967 

462 

10-166033 

•088313 

144 

9-916687 

38 

28 

9-751839 

808 

•248161 

9-835238 

462 

10-164762 

-083400 

144 

9-916600 

37 

24 

9-762028 

808 

•247977 

9-886509 

462 

10-164491 

•083486 

144 

9-916514 

36 

26 

9-752208 

307 

•247792 

9-836780 

462 

10-164220 

•088673 

144 

9-916427 

35 

26 

9-752392 

307 

•247608 

9-836051 

462 

10-168949 

•088669 

144 

9-916841 

34 

27 

9-762676 

307 

•247424 

9-886322 

451 

10-163678 

•083746 

144 

9-916254 

33 

28 

9-752760 

807 

•247240 

9'886598 

451 

10-163407 

•088833 

144 

9-916167 

32 

29 

0-752944 

307 

•247056 

9-836864 

451 

10-163136 

-083919 

145 

9-916081 

31 

30 

9-758128 

306 

•246872 

9-837134 

461 

10-162866 

-084006 

145 

9-915994 

30 

81 

9-763312 

306 

•246688 

9-837406 

451 

10-162695 

•084093 

145 

9-915907 

29 

32 

9-753496 

806 

•246505 

9-887675 

451 

10-162326 

-084180 

146 

9-A15820 

28 

83 

9-753679 

806 

•246821 

9-837946 

451 

10-162054 

-084267 

145 

9-916738 

27 

84 

9-768862 

806 

•246188 

9-888216 

451 

10161784 

•084864 

145 

9-915646 

26 

86 

9-764046 

805 

•246954 

9-838487 

451 

10-161613 

•084441 

145 

9-915659 

25 

30 

9-754229 

305 

•245771 

9-838757 

461 

10-161248 

•084628 

145 

9-915472 

24 

87 

9-764412 

305 

•246688 

9-839027 

450 

10-160973 

•084615 

145 

9-916385 

23 

88 

9-764595 

306 

•245405 

9-889297 

450 

10'160708 

•084703 

145 

9-915297 

22 

89 

9-764778 

306 

•245222 

9-839568 

450 

10-160432 

-084790 

145 

9-915210 

21 

40 

9-764960 

304 

•245040 

9-839838 

460 

10-160162 

•084877 

146 

9-915123 

20 

41 

9-765143 

304 

•244857 

9-840108 

460 

10-159892 

•084965 

146 

9-916086 

19 

42 

9-766326 

304 

•244674 

9-840378 

450 

10-159622 

•086052 

146 

9-914948 

18 

43 

9-756608 

304 

•244492 

9-840647 

450 

10159858 

•086140 

146 

9-914860 

17 

44 

9-755690 

804 

•244810 

9-840917 

450 

10-159088 

•086227 

146 

9-914778 

16 

46 

9-755872 

804 

•244128 

9-841187 

450 

10-168813 

•085815 

146 

9-914686 

16 

46 

9-766064 

803 

•248946 

9-841457 

450 

10-168543 

•086402 

146 

9-914598 

14 

47 

9-766286 

803 

•248764 

9-841726 

449 

10-158274 

-085490 

146 

9-914510 

13 

48 

9-756418 

803 

•243582 

9-841996 

449 

10-158004 

•086578 

146 

9-914422 

12 

49 

9-756600 

303 

•243400 

9-842266 

449 

10-167734 

•085666 

146 

9-914334 

11 

60 

9-756782 

803 

•248218 

9-842635 

449 

10-157465 

•085764 

146 

9-914246 

10 

61 

9-766963 

802 

,  248037 

9-842805 

449 

10-167196 

•085842 

147 

9-914168 

9 

62 

9-767144 

302 

•242856 

9-848074 

449 

10-156926 

•085980 

147 

9-914070 

8 

63 

9-757826 

302 

•242674 

9-848848 

449 

10-166667 

•086018 

147 

9-913982 

7 

64 

9-757607 

302 

•  -242493 

9-843612 

449 

10-166388 

-086106 

147 

9-918894 

6 

65 

9-757688 

302 

•242312 

9-848882 

449 

10156118 

•086194 

147 

9-913806 

6 

66 

9-767869 

801 

•242131 

9-844151 

449 

10-165849 

•086282 

147 

9-913718 

4 

67 

;  9-758060 

801 

•241950 

9-844420 

448 

10-166580 

•086370 

147 

9-913680 

8 

68 

•  9-758230 

301 

-241770 

9-844689 

448 

10-166811 

•086459 

147 

9-918541 

2 

61) 

9-758411 

301 

•241689 

9-844958 

448 

10-166042 

•086547 

147 

9-918458 

1 

($0 

9-758591 

301 

-241409 

9-845227 

448 

10-164773 

•086686 

147 

9-918866 

0 

COSIBIL 

SMftat.  |i  Ooumgent. 

Tangent 

CoMeant 

8in«. 

' 

65  DX«, 


76 


LOQAaiTHMIO  BINBS,  XTO. 


35  DIG. 


0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
10 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
81 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
60 
61 
52 
58 
64 
65 
56 
67 
68 
69 
60 


9-758591 

9-758772 

9-758952 

9-769132 

9-759312 

9-759492 

9-759672 

9-759852 

9-760081 

9-760211 

9-760390 

9-760669 

9-760748 

9-760927 

9-761106 

9-761285 

9-761464 

9-761642 

9-761821 

9-761999 

9-762177 

9-762356 

a-762634 

9-762712 

9-762889 

9-76306 

9-763245 

9-763422 

9-763600 

y-763777 

9-763954 

9-764131 

9-764308 

9-764485 

9-764602 

9-764838 

9-766015 

9-765191 

9-766867 

9-765544 

9-765720 

9-765896 

9-766072 

9-766247 

9-766423 

9-766598 

9-766774 

9-766949 

9-767124 

9-767800 

9-767475 

9-767649 

9-767824 

9-767999 

9-768173 

9-768348 

9-768622 

9-768697 

9-768871 

9-769045 

9-769219 


iMir.  I 


301 
800 
300 
300 
300 
300 
299 
299 
299 
299 
299 
298 
298 
298 
298 
298 
298 
297 
297 
297 
297 
297 
296 
296 
296 
296 
296 
296 
295 
295 
295 
295 
295 
294 
294 
294 
294 
294 
294 
293 
293 
293 
293 
293 
298 
292 
292 
292 
292 
292 
291 
291 
291 
291 
291 
290 
290 
290 
290 
290 


OoMMAt.  |i  TMic»nt. 


•241409  li 

'241228 

•241048  ' 

•240868 1 

•240688 1 1 

•240608 1 ! 

•240328!, 

•240148 ' 

•289969 i  I 

•2397891! 

-289610 

•239431 

•289262 

•289078 

•288894 

-238716  |i 

-2385361 

•238358  I 

•238179;! 

•288001 1 

-287823  I 

•28764411 

•287466 1 : 

•237288* 

•237111  i' 

•286983 1 

•286756;! 

•286578!' 

•236400' 

-2862231' 

•286046!; 

•285869  : 

•285692 

-235615 , 

•2863881 

•235162  i 

•234985 ; 

•284809;  I 

•284633  ' 

•284456  j  I 

-284280! 

•284104  i 

•288928 

•238753 

•233577 

•233402 

•238226 

•238051 

•282876 

•232700 

•232525 

•232351 

•282176 

•232001 

•281827 

•281652 

•281478 

-281803 

•281129 

•230956 

•280781 


9-845227 
9-»l6496 
9-845764 
9-846033 
9-846302 
9-846670 
9-846839 
9-847107 
9-847876 
9-847644 
9-847913 
9^848181 
9-848449 
9-848717 
9-848986 
9-849264 
9-849622 
9-849790 
9-850058 
9-850825 
9-850693 
9-850861 
9-851129 
9-851896 
9-861664 
9-851931 
9-852199 
9-852466 
9-852733 
9-858001 
9-868268 
9-858535 
9-853802 
9-864069 
9-854336 
9-854603 
9-854870 
9-855137 
9-855404 
9-855671 
9-855938 
9-856204 
9-856471 
9-856787 
9-857004 
9-857270 
9-857587 
9-867808 
9-858069 
9-858836 
9-868602 
9-858868 
9-859184 
9-859400 
9-869666 
9-869932 
9-860198 
9-860464 
9-860730 
9-860996 
9-861261 


Diff. 
100" 


448 
448 
448 
448 
448 
448 
448 
447 
447 
447 
447 
447 
447 
447 
447 
447 
447. 
446 
446 
446 
446 
446 
446 
446 
446 
446 
446 


Cottagtni. 


10-154778 
10-164504 
10-164286 
10-168967 
10-153698 
10158480 
10-1^8161 
10-152893 
10*162624 
10162866 
10-162087 
10-151819 
101^1661 
10-151288 
10-161014 
10-160746 
10-160478 
10160210 
10-149942 
10-149675 
10-149407 
10-149139 
10-148871 
10-148604 
10148886 
10-148069 
10-147801 
10-1476S4 


446110-147267 


446 
445 
446 
445 
446 
445 
446 
445 
445 
445 
445 
444 
444 
444 
444 
444 
444 
444 
444 
444 
444 
444 
444 
448 
448 
448 
448 
443 
448 
448 
448 
443 


10-146999 
10-146782 
10-146466 
10-146198 
10-145931 
10146664 
10-146897 
10-146180 
10-144868 
10-144696 
10144329 
10-144062 
10-143796 
10-148629 
10-14826S 
10-142996 
10-142780 
10142463 
10-142197 
10-141981 
10-141664 
10-141398 
10141132 
10-140866 
10^140600 
10140384 
10-140068 
10-189802 
10-189686 
10189270 
10-1890O6 
10-188789 


•086635 
086724 
•086818 
-086901 


086990  148 


•087078 
08716: 
087266 
•087345 
•067434 
-087528 
-087612 
-087701 
•087790 
-087879 
•087969 
•088058 
088147 
-088237 
•088826 
088416 
•088505 
-088696 
088686 
•088774 
•088864 
-088954 
089044 
-089134 
-089224 
-089814 
•089404 
-089494 
089686 
089676 


149  9-911674 


-089766  151 


089866 
•089946 
•090087 
-090127 
•090218 
090809 
090899 
•090490 
-090581 
-090672 
•090763 
•090864 
-090945 
-091036 
091127 
•091 2A9 
•091810 
•091401 
091493 


Diff. 


147 
147 
148 


148 
148 
148 
148 
148 
148 
148 
148 
149 
149 
149 
149 
149 
149 


149 
149 
149 
149 
160 
160 
160 
160 
150 
150 
150 
160 
160 
160 
160 


9-918865  00 
9-918276  59 
9-918187  58 
9-918099  57 
9918010  56 
9-912921'  55 
9-912883  54 
9912744  53 
9-912655  52 
9-912566  51 
9-912477  50 
99l2a88  49 
9-912299  48 
9-912210  47  1 
9912121 1 46 
9912031  ;:45 
9-911942i'44 
9-911853  43 
9-911763;  42 


161 
161 
162 


151 
161 
151 
151 
161 
161 
161 
161  9-909510  17 


9-909419  16 
9-909828  15 
9-909237  14 
152<9-909146  18 
152:9-909055  12 


162 
162 


162  9-908781 . 


162 
162 
162 


•091684  162 


-091676 
091767 
091869 


163 
163 
153 


09195lll63 


9-906964  11 
9-908873  10 


9-906690: 
9-908599 
9-908507 
9-908416 
9-908824. 
9-908283 
9-906141' 
9-908049; 


092042 163i9-90i958 


9-911584 
9-911495 
9-9114051 3d 
9-911815  37 
9-91122G36 
9-91113635 
9-911046  34 
9-910956;33 
9-910866:32 
9-910776' 31 
9-910686  30 
9-910596  ::9 
9-910506  28  , 
9-910415  27  ! 
9*910325  26 
9-910235  25 
9-910144  24 
9-910054  28 
9-909968  22 
9-909878  21 
9-909782  20 
9-909691  19 
9-909601  18 


CoiiM. 


B«e*ii».     I   OoUagcnt. 


Tangent 


54  J>s«. 


LOOARITHMIO  SINKS,  BTO. 


77 


36  DRO. 


Sloe. 


Ditr. 
100" 


Oowcaot. 


T&ng«iit. 


Diff. 
100" 


Ootangeat 


SMant 


Diff. 
1«K' 


0 

1 

2 

8 

4 

6 

6 

7 

8 

9 

10 

11 

12 

18 

14 

15 

16 

17 

18 


19  9-772503 


20 
21 
22 
28 
24 
25 
26 
27 
28 
29 
80 
81 
82 
88 
84 
85 
86 
87 
88 
89 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 


9-769219 
9-769393 
9-769566 
9-769740 
9-769913 
9-770087 
:  9-770260 
9-770433 
0-770606 
9-770779 
9-770952 
9-771125 
9-771298 
9-771470 
9-771643 
9-771815 
9-771987 
9-772169 
9-772331 


9-772675 
9-772847 
9-778018 
9-773190 
9-778861 
9-773688 
9-773704 
9-773876 
9-774046 
9-774217 
9-774388 
9-774668 
9-774729 
9-774899 
9-775070 
9-775240 
9-775410 
9-775580 
9-775750 
9-775920 
9-776090 
9-776259 
9-776429 
9-776698 
9-776768 
9-77698' 
9-777106 
9-777276 
f9-777444 
9.777618 
9-777781 
9-777960 
9-778119 
9-778287 
9-778456 
9-778624 
9-778792 
9-778960 
9-779128 
9-779296 
9-779463 


290 

289 
289 
289 
289 
289 
288 
288 
288 
288 
288 
288 
287 
287 
287 
287 
287 
287 
286 
286 
286 
286 
286 
286 
286 
285 
285 
286 
286 
286 
284 
284 
284 
284 
284 
284 
283 
288 
283 
283 
283 
283 
282 
282 
282 
282 
282 
281 
281 
281 
281 
281 
281 
280 
280 
280 
280 
280 
280 
279 


-280781 
-230607 
-230434 
•230260 
•230087 
•229913 
•229740 
-229667 
-229394 
-229221 
-229048 
•228875 
•228702 
•228580 
•228357 
-228188 
-228018 
-227841 
■227669 
-227497 
-227825 
-227153 
•226982 
-226810 
•226689 
•226467 
•226296 
•226125 
•225964 
•225783 
-226612 
•225442 
-225271 
-225101 
•224930 
•224760 
•224590 
•224420 
•224260 
•224080 
•223910 
•228741 
•223671 
•223402 
•228282 
•223068 
•222894 
•222726 
•222656 
•222387 
•222219 
•222060 
•221881 
•221713 
•221545 
•221376 
•221208 
•221040 
•220872 
•220705 
•220537 


!  9-861261 
9-861527 
9-861792 
9-862058 
9-862323 

I  9-862589 
9-862864 

;  9-863119 
9-868386 
9-868650 
9-863915 
9-864180 
9-864445 
9-864710 
9-864975 
9-865240 
9-865505 
9-865770 
9-866035 
9-866300 
9-866564 
9-866829 
9  867094 
9-867368 
9-867623 
9-867887 
9-868162 
9-868416 
9-868680 
9-868946 
9-8692091 
9-869478 
9-869787 
9-870001 
9-870265 
9-870529 
9-870798 
9-871057 
9-871821 
9-871686 
9-871849 
9-872112 
9-872376 
9-872640 
9-872903 
9-873167 
9-873480 
9-878694 
9-873967 
9-874220 
9-874484 
9-874747 
9-875010 
9-875273 
9-875636 
9-876800 
9-876063 
9-876326 
9-876689 
9-876861 
9-877114 


443 
443 
448 
442 
442 
442 


10-138739 
10-138478 
10-138208 
10-137942 
10137677 
10-137411 
10-137146 


442  I10-136881 


Cosin«. 


Secant.  "  CoU^ng^nt. 


442 
442 
442 
442 
442 
442 
442 
442 
441 
441 
441 
441 
441 
441 
441 
441 
441 
441 
441 
441 
441 
440 
440 
440 
440 
440 
440 
440 
440 
440 
440 
440 
440 
440 
489 
489 
489 
489 
489 
489 
489 
489 
489 
489 
489 
439 
439 
439 
438 
438 
488 
488 
488 


10-136616 
10-136850 
10-136086 
lO^l  86820 
10-186665 
10-185290 
10-135025 
10134760 
10^134496 
10-134230 
10-183965 
10-183700 
10-183486 
10-133171 
10-132906 
10^132642 
10^132877 
10^132113 
10^181848 
10^181584 
10^181820 
10131055 
10-130791 
10-130527 
10-180263 
10-129999 
10-129735 
10-129471 
10-129207 
10-128943 
10-128679 
10-128416 
10-128161 
10^127888 
10-127624 
10-127360 
10-127097 
10-126883 
10126670 
10-126806 
10-126048 
10-126780 
10-125616 
10125268 
10-124990 
10-124727 
10-124464 
10-124200 
10-123937 
10-123674 
10-123411 
10-128149 
10-122886 


-092042 
-092134 
•09"2226 
•092318 
-092410 
-092602 
-092594 
•092686 
•092778 
-092871 
•092963 
•093055 
•093148 
■093240 
•093388 
093426 
-093618 
•098611 
•093704 
•093796 
•098889 
•098982 
•094075 
-094168 
•094261 
-094355 
094448 
094541 
094634 
094728 
•094821 
•094915 
•096008 
•096102 
•096196 
-095289 
-096888 
-096477 
-095671 
•095665 
-095769 
-095863 
-096947 
•096041 
-096136 
-096280 
-096324 
•096419 
•096518 
-096608 
•096702 
•096797 
•096892 
•096986 
•097081 
-097176 
-097271 
-097866 
•097461 
•097666 
-097651 


'9-907958  60 
153  9-907866  59 
158  9-907774  58 
168  9-907682  57 
163  9-907690  56 

153  9-907498  65 

163  9-907406  64 
158  9-907314  53 

154  9-907222  62 
154  9^907129  51 

164  9^907037  60 
164  9-906946 149 
164  9-90«852|i48 
154,9-906760,147 

164  9-906667146 
154  9-906676!;45 
154*9-906482 '44 

154  9-906389  48 

165  9-906296  42 
156,9-906204  41 

155  9-906111 '40 
155,9-906018'89 
165  9-906925  38 
155  9-906832  87 

155  9-906789, 36 

156  9-905646  35 
155  9-905552  34 

165  9-906459 '38 
155  9-905866  32 

166  9-905272 181 
166 
156 
166 
156 
156 
166 
166 
166 
156 
167 
157 
157 
167 
167 
157 
157 
157 
157 
157 
157 
158 
168 
168 
168 
158 
168 
158 


9-906179  80 
9^905085 129 
9-904992  |28 
9-904898  27 
9-904804 126 
9-90471125 
9-904617'24 
9-904523  28 
9-904429;  ,22 
9-904335'!21 
9-90424l|i20 
9-904147  19 
9-904053  18 
9-903959'l7 
9-908864  16 
9903770  16 
9-908676  14 
9-908581J13 
9-908487  12 
9-908392  11 
9-908298  10 


9-908208 
9-903108 
9-903014 
9-902919 
9^902824 
9-902729 
168'9-902684' 
168  9-902589' 


Tangant. 


169 
159 


9-902444 
9-902349' 


Sine.   I 

53  x>£a. 


78 


87  Dio. 


LOGARITHMIC  8DIS8,  XTO. 


y-779468 

9-779031 

9-779798 

9-779966 

9-780iaa 

9-780800 

9-78046 

9-780684 

9-780801 

9-7809C8 


ft  »•/( 

10  1 9-781134 

11  9-781801 
12'!  9-781468 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 


24 
25 
26 
27 
28 
29 
80 
81 
82 
83 
84 


9-781684 
9-781800 
9-781966 
9-782182 
9-782298 
9-782464 
9-782630 
9-782796 
9-782961 
,9788127 
9-783292 
9-783468 
9-783623 
9-783788 
9-783963 
9-784118 
9-78428; 
9-784447 
9-784612 
9-784776 
9-784941 
9-785106 


86 ;  9-786269 


36 
37 
88 
39 
40 


9-786433 

9-78669 

9-786761 

9-786926 

9-786089 

41  !|  9-786262 

42  9-786416 

43  1 9-786679 
44.!  9-786742 

9-786906 
9-787069 
9-787282 
9-787396 
9-787667 
9-787720 
9-787883 
9-788046 
9-788208 
9-788870 
9-788682 
9-788694 
9-788866 
9-789018 
9-789180 
9-789842 


46 

46 

47 

48 

49 

50 

61 

62 

63 

64 

65' 

66 

67 

68 

69 

60 


IMff. 
100" 


279 
279 
279 
279 
279 
278 
278 
278 
278 
278 
278 
277 
277 
277 
277 
277 
277 
276 
276 
276 
276 
276 
276 
275 
276 
276 
275 
276 
275 
274 
274 
274 
274 
274 
274 
273 
273 
273 
273 
278 
273 
272 
272 
272 
272 
272 
272 
271 
271 
271 
271 
271 
271 
271 
270 
270 
270 
270 
270 
270 


•220687 
•220369 
•220202 
•220034 
•219867 
•219700 
•219533 
•219866 
-219199 
•219032 
-218866 
•218699 
•218632 
•218366 
•218200 
-218034 
•217868 
•217702 
•217686 
•217370 
•217204 
•217039 
•216873 
•216708 
-216542 
•216377 
-216212 
•216047 
•216882 
•216718 
•216663 
•21^388 
-216224 
-216059 
-214895 
-214731 
-214667 
-214403 
•214239 
-214076 
•213911 
•213748 
•213584 
•213421 
•213268 
-213094 
•212931 
-212768 
-212606 
•212443 
-212280 
•212117 
•211956 
-211792 
•211680 
•211468 
•211306 
•211144 
•210982 
•210820 
-210668 


TMfltBt. 


IMff. 


9-877114 
9-877877 
9-877640 
9-877908 
9-878166 
9-878428 
9^878691 
9-878963 
9-879216 
9-879478 
9-879741; 
i;  9-880003! 
:!  9-880266< 
>,  9-880628 
;!  9-880790; 
!{ 9-881052 
I  9-881314, 
■'9-881576 
'j  9-881839' 
;.9-882l01| 
I!  9-882363 
i,  9-882625! 
;i  9-882887! 
9-883148 
9-883410 
9-883672 
9-883934 
9-884196 
9-884457 
9-884719 
9-884980 
9-886242 
9-885503 
9-885766 
9-886026 
9-886288 
9-886649 
9-886810 
9-887072 
9-887833 
9-887694 
9-887855 
9-888116 
9-888377 
9-888689 
9-888900 
9-889160 
9-889421 
9-889682 
9-889943 
9-890204 
9-890465 
9-890726 
9-890986 
9-891247 
9-891607 
9-891768 
9-892028 
9-892289 
9-892649 
9-892810 


10122886 
488  110-122628 
438  ,10-122360 
488  10122097 
438  10121886 
488  10121572 
48810121309 
488110-121047 
487  10-120784 
437  10-120522 
487  10-120259 
457  101 19997 
487  10119785 
437  110-119472 
437  ;i0119210 
437  ;10-118948 
487-10-118686 
437  >10118424 
437  ,10118161 
437  10-117899 
437  !lO-l  17637 


I     Secitt     |l  OoUngBBt. 


437 
436 
436 
486 
436 
436 
436 
436 
436 


10-117376 
10117113 
10-116852 
10-116690 
10-116328 
10-116066 
10115804 
10116643 
10-115281 


436  10116020 
436  "10-114768 
486;  10-1 14497 
436  110114236 
486  '10^113974 
436  :10^113712 
486  10-113461 
486'10-113190 
436,10112928 
436.10112667 

435  ;10^112406 
486  10-112146 
486:10-111884 
486!10*111628 

436  110-111861 
486'l0111100 
486  10110840 
436 .10-110579 
436 i 10-110318 

485  10-110067 
486 !  10-109796 
436  1 10-109535 

486  10-109275 
484  ;i0-109014 
484 
484 
434 
434 
434 
484 
484 


10-108763 
10-108498 
10108232 
10-107972 
10-107711 
10-107451 
10-107190 


•097661 
•097747 
•097842 
-097987 
•098083 
•098128 
-098224 
•098319 
-098416 
-098610 
-098606 
•098702 
-098798 
-098894 


159 
169 
169 
169 
169 
169 
169 
169 


9-902349  60 
9902253  59 
9-902168  68 
9902063  67 
9-901967  56 
9901872  55 
9901776  M 
9-901681  58 
.^-,9-901 686  62 
169!9-901490  61 
16919-901394*  60 
160|9-901298  49 
I60j9-901202  48 
160:9-901106  47 
098990;  160'9-901010  46 
-099086ll60  9-900914  45 
•099182'l60  9-900818  44 
099278|l60  9-900722  43 
099374'160'9-000626  42 
-099471  160  9-900529  41 
099667  160:9-900433  40 
-099663  161  9-900837  39 
099760  161  9-900240  38 
0998661 161 '9  900144  37 
099958|l61 19-900047  36 


100049 
100146 
100243 
100840 
100436 
100633 
100630 
100727 
100824 
100922 
101019 


16119-899961  36 
161 19-899864  34 


161 
161 
161 
161 
162 
162 
162 


9-899757  83 
9-899660  32 
9-899664  31 
9-899467  30 
9-899370  29 
9-899273,28 


162  9-899078  26 
162|9-898981  26 
101116  162;9-898884'24 
1012131162  9-898787:23 
101311  162  9-898689  22 
1014O8'l62  9-898592  21 


101606 
101608 
101701 
101798 
101896 
101994 
102092 
102190 
102288 
102386 
102484 
102682 
102680 
102778 


103369 
103468 


TMig»iit.    I  On— c>nt 


16219  898494  20 
163  9-898397 '19 
163;9-898299I18 
163;9-898202ill7 
163:9-898104:16 
163;9-898006!l6 
163j9-897908l!l4 
163!9-897810|13 
168  9-897712 '12 
163|9-897614!ill 
10 
9 
8 
7 
6 
6 
4 
8 
2 
1 
0 


163.9-897616 
1639-897418 
1649-897320 
1649-897222 
1028771164  9-897123 
102976|164  9-897025! 
1030741164  9-896926! 
103172!l64  9-896828 
108271  164;9-896729| 


164 
164 


9-896631. 
9-896682{ 


52] 


38DBO. 


LOGABITHMIC  8IKBS,  BTO. 


79 


Diff. 


THkfent 


Dir. 

100* 


Ooala*. 


0 

1 

2 
8 
4 

6 
6 
7 
8 
9 
10 
11 
12 
18 
14 
16 
16 
17 
18 
19 
20 
21 
22 
28 
24 
26 
26 
27 
28 
29 
30 
81 
82 
83 
84 
86 
86 
87 
88 
89 
40 
41 
42 
48 
44 
46 
46 
47 
48 
49 
60 
61 
62 
68 
64 
66 
66 
67 
68 
69 
60 


9-789342 
9-789604 
9-789666 
9-789827 
9-789988 
9-790149 
9-790810 
9-790471 
9-790682 
9-790798 
9-790964 
9-791116 
9-791276 
9-791486 
9-791696 
9-791767 
9-791917 
9-792077 
9-792287 
9-792897 
9-792667 
9-792716 
9-792876 
9-798086 
9-798196 
9-793364 
9-798614 
9-798678 
9-798882 
9-793991 
9-794160 
9-794308 
9-794467 
9-794626 
9-794784 
9-794942 
9-796101 
9-796269 
9-796417 
9-796676 
9-796788 
9-796891 
9-796049 
9-796206 
9-796364 
9-796521 
9-796679 
9-796886 
9-796998 
9-797160 
9-797807 
9-797464 
9-797621 
9-797777 
9-797984 
9-798091 
9-798247 
9-798408 
9-798560 
9-798716 
9-798872 


269 
269 
269 
269 
269 
269 
268 
268 
268 
268 
268 
268 
267 
267 
267 
267 
267 
267 
266 
266 
266 
266 
266 
266 
266 
266 
266 
266 
266 
266 
264 
264 
264 
264 
264 
264 
264 
268 
263 
268 
268 
268 
268 
263 
262 
262 
262 
262 
262 
262 
261 
261 
261 
261 
261 
261 
261 
260 
260 
260 


•210668 
•210496 
•210885 
•210178 
•210012 
•209861 
•209690 
•209629 
•209868 
•209207 
•209046 
•208886 
•208726 
•208664 
•208404 
•208243 
•208083 
•207928 
207763 
•207608 
•207448 
•207284 
•207124 
•206965 
•206806 
•206646 
•206486 
•206327 
•206168 
•206009 
•206860 
•205692 
.206688 
•206874 
•206216 
•205068 
•204899 
•204741 
•204683 
•204425 
•204267 
•204109 
•203961 
•203794 
•203636 
•208479 
•203821 
•208164 
•208007 
•202860 
•202698 
•202686 
•202879 
•202223 
•202066 
•201909 
-201763 
•201697 
•201440 
•201284 
•201128 


9-892810 
9-898070 
9-893881 
9-893591 
9-898851 
9-894111 
9-894371 
9-894632 
9-894892 
9-895162 
9-895412 
9-895672 
9-895932 
9-896192 
9-896452 
9-896712 
9-896971 
9-897231 
9-897491 
9-897751 
9-898010 
9-898270 
9-898530 
9-898789 
9-899049 
9-899808 
9-899668 
9-899827 
9^900086 
9-900846 
9-900605 
9-900864 
9-901124 
9-901383 
9-901642 
9-901901 
9-902160 
9-902419 
9-902679 
9-902988 
9-903197 
9-908455 
9-908714 
9-903978 
9-904282 
9-904491 
9-904750 
9-905008 
9-906267 
9-906526 
9-906784 
9-906043 
9-906302 
9-906560 
9-906819 
9-907077 
9-907886 
9-907594 
9-907852 
9-908111 
9-908369 


484 
434 
484 
484 
484 
484 
434 
484 
483 
488 
438 
438 
433 
433 
433 
433 
438 
483 
433 
488 
488 
488 
483 
438 
432 
432 
432 
432 
432 
482 
482 
482 
482 
482 
482 
432 
432 
482 
432 
432 
482 
481 
481 
481 
481 
481 
481 
481 
481 
481 
431 
481 
431 
431 
481 
481 
431 
431 
431 
481 


10107190 
10-106980 
10-106669 
10-106409 
10-106149 
10-105889 
10-105629 
10^105868 
10-105106 
10-104848 
10-104688 
10-104328 
10-104068 
10-108808 
10-108648 
10-103288 
10108029 
10-102769 
10-102509 
10102249 
10-101990 
10-101780 
10-101470 
10-101211 
10-100951 
10-100692 
10-100482 
10-100178 
10099914 
10-099664 
10-099395 
10-099186 
10-098876 
10-098617 
10-098358 
10-098099 
10-097840 
10097581 
10-097821 
10-097062 
10-096808 
10-096546 
10096286 
10-096027 
10-096768 
10-096609 
1 0-095260 
10094992 
10-094783 
10-094474 
10094216 
10093967 
10-098698 
10-098440 
10-093181 
10-092928 
10-092664 
10092406 
10-092148 
10-091889 
10-091631 


-108468 
-108667 
-103666 
-108764 
-108863 
-108962 
•104061 
-104160 
-104269 
-104869 
-104458 
-104557 
-104667 
-104756 
•104866 
-104965 
-105055 
•106154 
•105264 
-106354 
-105454 
-105554 
-105664 
-106754 
•106864 
-105954 
•106054 
-106154 
•106256 
-106356 
-106456 
•106566 
-106657 
-106767 
-106868 
-106969 
-107060 
-107161 
-107261 
•107862 
•107464 
-107666 
•107666 
-107767 
-107868 
-107970 
•108071 
-108173 
•108274 
-108876 
•108477 
•108679 
•108681 
•108783 
•108886 
•108987 
•109089 
•109191 
•109298 
•109895 
•109497 


164 
165 
165 
166 
165 
166 
165 
165 
165 
1^6 
165 
166 
166 
166 
166 
166 
166 
166 
166 
166 
166 
167 
167 
167 
167 
167 
167 
167 
167 
167 
167 
168 
168 
168 
168 
168 
168 
168 
168 
168 
168 
169 
169 
169 
169 
169 
169 
169 
169 
169 
169 
170 
170 
170 
170 
170 
170 
170 
170 
170 


9-896532 

9-896433 

9-896835| 

9-8962361 

9-896137 

9-896088: 

9-895939| 

9-895840 

9-895741 

9-895641 

9-895542 

9-895443 

9-895343 

9-895244 

9-895145 

9-895045 

9-894945 

9-894846 

9-894746 

9-894646 

9-894546 

9-894446 

9-894346 

9-894246 

9'894146 

9-894046 

9^898946 

9-898846 

9-893745 

9-898645 

9-893544 

9-893444 

9-898343 

9-898243 

9-898142 

9-898041 

9^892940 

9^892889 

9-892789 

9-892638 

9-892586 

9-892485 

9-892834 

9-892288 

9-892182 

9-892030 

9-891929 

9-891827 

9-891726 

9-891624 

9-891623 

9-891421 

9-891819 

9-891217 

9-891116 

9-891013 

9-890911 

9-890809 

9-890707 

9-890605 

9-890503 


60* 
59 
58 
57 
56 
55 
54 
58 
52 
51 
50 
49 
48 
47 
46 
46 
44 
48 
42 
41 
40 
39 
38 
87 
36 
36 
34 
33 
32 
31 
30 
29 
28 
27 
26 
26 
24 
28 
22 
21 
20 
19 
18 
17 
16 
16 
14 
18 
12 
11 
10 

9 

8 

7 

6 

5 

4 

8 

2 

1 

0 


B— >nt   I  0»Unf  at. 


TMM§n/L 


61  PB€I. 


80 


IMAMlimUHO  BVXM&9  BTO. 


39] 


0,  9-79887'J 
1 M  9-799028 
2  9-799184 
8  I  9-799339 


4'!  9-799496 
6  9-799651 
6 ;;  9-799806 

9-799962 

9-800117 

9  8001*72 

9-800427 

9-800682 

9-800737 

9-800892 

9-801047 

9-801201 

9*801366 

9-801511 

9-801665 

9-801819 

9-801973 

9-802128 

9-802282 

9-802436 

9-802589 

9-802743 

9-802897 

9-803060 

9-803204 

9-803367 
,9-803511 

9-803664 

9-803817|265 
;  9-803970i  256 
I  9-804123  265 
1 9-804276|  266 

9-804428,  254 

9-804581  264 

9-8047341  254 

9-804886  254 

9-805039;  264 


/  I, 
8. 
9 

10 

11 

12 

13; 

14 

16 ; 

16 

17: 

18 

19 

20. 

21 ! 

22 

23 

24, 

26 

20 

27 

28 

29 

80 

31 

82 

83 

84 

86 

86 

87 

88 

89 

40 

41 

42 

48 

44 

45 


fjjj;  ;   OoMeML   II   TmngtmL      ggj;      OoUagvnl 


m; 


260 
260 
260 
259 
259 
259 
259 
259 
259 
258 
258 
268 
258' 
258 
268 
258 
257 
257 
257 
267 
257 
257 
256 
256 
266 
256 
256 
256 
256 
255 
256 


9-805191  254 
9-80534?  264 
9-806495;  258 
9-8056471  263 
9-805799!  263 

46  ji  9-805961;  253 

47  '1 9-806108'  268 
9-806254  258 
9-806406  258 
9-8065571  252 
9-806709'  252 
9-806860,  252 
9-8070111262 
9-807163'  252 
9-807314  252 

56  ;  9-807465  252 

57  9-807615  261 

58  j  9-807766  261 
69  '9-807917  251 
60  ;|  9-808067  251 


48 
49 
60 

6ri 

53  <! 
'54' 
55! 


!l   OortM. 


•201128, 

•200972 , 

•200816 

•200661 

•200505 

•200349 

•200194 

•200088 

-199888 

•199728 

•199573 

•199418 

•199268 

•199108 

•198953  ^ 

-198799 

•198644  , 

•196489  , 

•19888511 

-198181  I 

•198027  il 

•197872'! 

•197718'! 

•197664  „ 

•197411  I 

•197257  i 

•1971081 

•196950  ,1 

•196796  ,t 

•196643  1 

-196489  I 

•196336  j 

•196183  I 

•196030 ! 

•105877  I 

•195724  I 

•195672 

•195419 1 

•1952661 

-1951141 

•194961  i 

•194809 

•194657 

•194505 

•194863 

•194201 

•194049 

•193897 

-193746 

•198694 

•198448 

•193291 

•198140 

•192989 

•192837 

•192686 

•192535 

•192885  I 

•192234 

•192083  I 

•191933  I 


9^908861» 
9-908628 
9-908886 
9-909144 
9-909402 
9-900660 
9-d09918 
9-910177 
9-91 0485 
9-910693 
9-910951 
9-911209 
9-911467 
9-911724 
9-911982 
9-912240; 
9-9124981 
9-912756 
9-918014 
9-913271 
9-918529 
9-918787 
9-914044 
9-914302 
9-914560 
9-914817 
9-915075 
9-016382 
9-915590 
9-915847 
9-916104 
9-9]  6862 
9-916619 
9-916877 
9-917134 
9-917391 
9-917648 
9-917906 
9^918163 
9-918420 
9-918677 
9-918934 
9-919191 
9-919448; 
9-919706! 
9-919962 
9-920219 
9-920476 
9-920783 
9-920990 
9-921247 
9-921503 
9-921760 
9-922017 
9-922274 
9-922580 
9-922787 
9-928044 
9-928800 
9-928557 
9-923613 


Bee^nfc.    Ootoaynt. 


480 
430 
480 
430 
430 
430 
^0 
480 
480 
480 
480 
480 
480 
480 
430 
480 
480 
480 
430 
429 
429 
429 
429 
429 
429 
429 
429 
429 
429 
429 
429 
429 
429 
429 
429 
429 
429 
429 
429 
429 
429 
428 
428 
428 
428 
428 
428 
428 
428 
428 
428 
428 
428 
428 
428 
428 
428 
428 


10-091681 

10-091372 

10-091114 

10-090856 

10^090598 

10-090840 

10090062 

10-089828 

10-089565 

10089807 

10089049 

10-088791 

10-088533 

10-088276 

10-088018 

10087760  i 

10-087602 ' 

10-087244!' 

10-0869861 

100867291; 

10066471 

10-086213 

10-085956 1 

ia-065698 1 

10-085440 

10-085183 

10-0849-261 

10-084668 

10-0644101 

10-084163 

10-088896 

10-088638 

10-088381 1 

10-088128 

10-082866 

10-082609 

10-082352 

10-082095 

10-081837 

10-081580 

10-061828 

10-081066 

10-060609 

10-080562 

10-080295 

10060088 

10^079781 

10^079524 

10-079267 

10-079010 

10-078753 

10-078497 

10^078240 

10^077988 

10-077726 

10077470 

10077213 

10076966 

10^076700 


428  10076443 
428  10-076187 


Twyt. 


109497 
109600 
109702 
109805 
109907 


110112 
110216 
110816 
110421 
110628 


Dlff. 
100 


|9^8905O:^,tM} 

170  9  8904(HV'o9 
171|9-89029h  158 
1719-8901951^57 

171  9-890093  t56 
110010 17ll9-^9990  55 


17l'9-889888  54 
17119-889785  "53 


1719-889682  52 
171,9-889579  51 
171  9-889477  50 
110626)171  9-889374  ,49 
110729|172  9-88927148 
1106821172:9-889108  47 
110986' 172  9-889064  46 


172'9-88896I  45 
172'9-888858  44 
17219-888755  4S 
172  9-888651.42 


111089 
111142 
111245 
111349 
111462  172 
111556  17: 
111659  173 
111768  173 
111866 
111970 

112074  

112178  173|9-687822  34 
112282!l73j9-887718;38 
1123861178  9-867614' 32 
1124901 17319-867510' 31 
1 125941 178"9-887406i  30 


9-886548  41 
9-886444  40 
9-688341  39 
9-888237:38 
17319-886184  37 
173  9-668030,^6 
17819-887926  35 


1126981174 


112802 
112907 
118011 
118115 
113220 
118824 
118429 
118534 
113638 
118743 
118646 
118953 
114056 
114168 
114268 
114878 
114478 
114584 
114689 


9-887802t;29 
9-667198 ,26 
9-887093 -27 
9-686989|26 
9-686685'26 
9-866780;l24 
9-886676|l28 
»57l!|22 
9-866466;2l 
9-686862;*20 
175[9-886257  19 
175|9-866152'il6 
175  9-686047  ;17 


174 
174 
174 
174 
174 
174 
174 
174 
174 


175 
175 
175 

175 


9-88662 
17519-685522 
175  9-685416 
1759-685311 
1147951176  9-886206 
114900!l76  9-665100 
115006' 176  9-884994 


9-665942.16 
9-86583715 
9-885782lil4 
13 
12 
11 
10 
9 
8 


115111 
115217 
115328 
115428 
115584 
115640 
115746 


176  9-664689 


176 
176 
176 
176 
176 


9-664763I 
9-664677| 
9-884572 
9-884466' 
9-664860' 


176|9-884254l 


50  DB«. 


40  DBO. 


LOOARITHHIC  SINKS,  BXa 


81 


Diff. 
100" 


Taageftt. 


Oiff. 
100" 


OoUngent 


8e«ant. 


Diff.  I 

100"! 


0 

1 

2 

8 

4 

6 

6 

7 

8 

9 
10 
11 
12 
18 
14  i 
151 
16 
17 
18 
19 
20 
21 
22 
28 
24 
25 
26 
27 
28 
29 
30 
81 
82 
83 
84 
85 
86 
87 
88 
89 
40 
41 
42 
48 
44 
45 
46 
47 
48 
49 
50 
51 
52 
58 
54 
55 
56 
57 
58 
59 
60 


9-808067 
9-808218 
9-808868 
9-808619 
9-808669 
9-808819 
9-808969 
9-809119 
9-809269 
9-809419 
9-809569 
9-809718 
9-809868 
9-810017 
9-810167 
9-810816 
9-810465 
9-810614 
9-810768 
9-810912 
9-811061 
9-811210 
9-811858 
9-811607 
9-811655 
9-811804 
9-811962 
9-812100 
9-812248 
9-812896 
9-812644 
9-812692 
9-812840 
9-812988 
9-818185 
9-818288 
9-813480 
9-813678 
9-813726 
9-313872 
9-814019 
9-814166 
9-814813 
9-814460 
9814607 
9814758 
9-814900 
9-816046 
9-816198 
9-816839 
9-816486 
9-815682 
9-815778 
9-816924 
9-816069 
9-816216 
9-816361 
9-816507 
9-816652 
9-816798 
9-816943 


261 
251 
251 
250 
260 
250 
250 
250 
260 
249 
249 
249 
249 
249 
249 
248 
248 
248 
248 
248 
248 
248 
247 
247 
247 
247 
247 
247 
247 
246 
246 
246 
246 
246 
246 
246 
246 
246 
245 
246 
245 
245 
245 
244 
244 
244 
244 
244 
244 
244 
243 
248 
243 
243 
243 
248 
243 
242 
242 
242 


91938 
91782 
91632 
91481 
191331 
191181 
191031 
190881 
190781 
190581 
190481 
190282 
190182 
189983 
189833 
189684 
189535 
189386 
189287 
189088 
188989 
188790 
188642 
188498 
188346 
188196 
188048 
187900 
187762 
187604 
187466 
187308 
187160 
187012 
186865 
186717 
186570 
186422 
186275 
186128 
185981 
186884 
185687 
185540 
185893 
185247 
185100 
184954 
184807 
184661 
84516 
184368 
184222 
184076 
183931 
183785 
188639 
183498 
183348 
183202 
183057 


9-923813 
9-924070 
9-924327 
9-924583 
9-924840 
9*925096 
9-925362 
9-926609 
9-925866 
9-926122 
9-926378 
9-926634 
9-926890 
9-927147 
9-927403 
9-927669 
9-927915 
9-928171 
9-928427 
9-928683 
9-928940 
9-929196 
9-929452 
9-929708 
9-929964 
9-930220 
9-980475 
9-980781 
9-930987 
9-931243 
9-981499 
9-931765 
9-932010 
9-932266 
9-982522 
9-932778 
9-988033 
9-933289 
9-933545 
9-933800 
9-934056 
9-934811 
9-934667 
9-934823 
9-935078 
9-935383 
9-936589 
9-936844 
9-986100 
9-936365 
9-936610 
9-986866 
9-937121 
9-937376 
9-937682 
9-937887 
9-938142 
9-938398 
9-938653 
9-938908 
9-939163 


428 
428 
428 
427 
427 
427 
427 
427 
427 
427 
427 
427 
427 
427 
427 
427 
427 
427 
427 
427 
427 
427 
427 
427 
427 
427 
427 
426 
426 
426 
426 
426 
426 
426 
426 
426 
426 
426 
426 
426 
426 
426 
426 
426 
426 
426 
426 
426 
426 
426 
426 
426 
426 
426 
425 
426 
426 
425 
425 
425 


10-076187 
10'075980 
10-076678 
10-075417 
10-075160 
10-074904 
10-074648 
1(J-074391 
10-074185 
10-078878 
10-073622 
10-073866 
10-078110 
10-072858 
10-072597 
10-072341 
10-072085 
10-071829 
10-071678 
10071817 
10-071060 
10-070804 
10070548 
10-070292 
10-070036 
10-069780 
10-069525 
10-069269 
10-069013 
10-068757 
10-068501 
10-068245 
10-067990 
10-067784 
10067478 
10-067222 
10066967 
10-066711 
10-066455 
10-066200 
10065944 
10065689 
10066483 
10-065177 
10064922 
10064667 
10-064411 
10-064166 
10068900 
10-063646 
10-068390 
10-068184 
10062879 
10062624 
10-062368 
10-062118 
10-061868 
10061602 
10061347 
10061092 
10-060837 


Owiue. 


I 


CoUo|«nt. 


TsngMt. 


•116746 

-115852 
-115958 
•116064 
-116171 
-116277 
-116388 
•116490 
•116696 
-116703 
•116809 
•116916 
•117023 
-117129 
-117286 
-117848 
-117460 
•117557 
•117664 
-117771 
-117879 
-117986 
-118093 
-118201 
•118308 
-118416 
-118528 
•118631 
•118789 
•118847 
•118964 
-119062 
-119170 
-119178 
-119887 
-119495 
•119608 
119711 
•119820 
-119928 
-120087 
-120145 
-120254 
-120863 
-120471 
-120680 
-120689 
-120798 
•120907 
-121016 
•121125 
•121284 
-121344 
•121468 
-121562 
•121672 
-121781 
-121891 
•122001 
•122110 
•122220 


19-884254  60 
177  9-884148  !69 
177  9-884042  58 


177  9-888936 
177  9-883829 
177  9-888723 

177  9-888617 
177,9-888510 
177|9-888404 
177;9-883297 

178  9-888191 
178;9-883084,'49 
178;9-882977jj48 
178  9-882871  47 
1 78,9-882764 146 

178  9-882657  ;45 
178;9-8825&0,|44 
178j9-882443;|43 
178.9-882886^42 
17919-882229  41 

179  9-882121|i40 
179  9-882014189 
179  9-8819071138 


179 
179 
179 
179 
179 
179 
180 
180 
180 
180 
180 
180 
180 
180 
180 
181 
181 
181 
181 
181 
181 
181 
181 
181 
181 
182 
182 
182 
182 
182 
182 
182 
182 
182 


9-88179987 
9-881692,86 
9-881684;85 
9-8Bl477!;84 
9-881369 ,83 
9-881^61  32 
9-881153,81 
9-881046!80 
9-880938!;29 
9-880830  28 
9-88072227 
9-88061326 
9-880505;  25 
9-880397il24 
9-880289  28 
9-88018022 
9-880072  21 


9-879968 
9-879866 
9-879746 
9-879687 
9^879529 
9^879420' 
9-879811 
9-879202 
9-879093 
9-878984 
9-878876 
9-878766 
9-878666 
9-878547 
9-878438 
9-878328 
9-878219 
183;9-878109 
1839-877999 
1889-877890 
1889-877780 


49  DBA. 


^^^, 


82 


411 


LOQAUTSMIC  Snm,  SIC. 


DOL ; 


DiC 


i 


0 

1 

2 
8 
4 
6 
6 
7 
8 
9 
10 
11 
12 
18 
14 
15 
16 
17 
IQ 
19 
20 
21 
22 
23 
24 
26 
26 
27 
28 
29 
80 
81 
82 
88 
84 
86 
86 
87 
88 
89 
40 
41 
42 
48 
44 
45 
46 
47 
48 
49 
50 
51 
52 
58 
54 
55 
56 
57 
58 
59 
60 


9*816943 
9-817088 
9-817283 
9-817379 
9-817524 
9-817668 
9-817813 
9-817958 
9-818103 
9-818247 
9-818392 
9-818636 
9-818681 
9-818825 
9-818969 
9-819118 
9-819257 
9-819401 
9-819646 
9-819689 
9-819882 
9-819976 
9-820120 
9-820268 
9-820406 
9-820660 
9-8a0698 
9-820836 
0-820979 
9-821122 
9-821266 
9-821407 
9-821660 
9-821698 
9-821886 
9-821977 
9-822120 
9-822262 
9-822404 
9-822646 
9.-822688 
9-822830 
9-822972 
9-828114 
9-828266 
9-828897 
9-823689 
9-823680 
9-823821 
9-828968 
9-824104 
9-824246 
9-824886 
9-824527 
9-824668 
9-824808 
9-824949 
9-826090 
9-826280 
9-826871 
9*826611 


242 
242 
242 
242 
241 
241 
241 
241 
241 
241 
241 
240 
240 
240 
240 
240 
240 
240 
239 
289 
289 
239 
289 
289 
289 
288 
288 
288 
288 
288 
238 
288 
288 
287 
237 
237 
237 
287 
287 
287 
286 
286 
286 
286 
286 
286 
286 
286 
286 
286 
285 
286 
285 
285 
284 
284 
234 
284 
234 
234 


188057 

182912 

182767 

182621 

182476 

182832 

182187 

182042, 

181897  '. 

181763!; 

181608, 

181464  I 

181819 

181175  - 

181031  . 

180887  i 

180748,1 

180699  ,i 

180456) 

180811 i 

1801681 

180024  |i 

179880  I 

179787  li 

179594 1 

179460 

179807 

179164 

179021 

178878 

178736 

178698 

178450 

178307 

178166 

178028 

177880 

177788 

177696 

177454 

177812 

177170 

177028 

176886 

176745 

176608 

176461 

176820 

176179 

176087 

175896 

176756 

175614 

175478 

176832 

175192 

175051 

174910 

174770 

174629 

174489 


9-939163. 
9-989418,  425 
9-989673.  425 
9-989928;  425 
9-940183!  425 
9-940438  425 
9-940694|  425 1 
9-940949.  425 ' 
9-941204;  425 
9-941458'  425 
9-941714)  425 
9-941968,  425 
9-942223  425 
9'942478t  425 
9-942783  425 
9-942988*  426 
9-9432431  426 
9-948498  426 


9-948752 
9-944007 
9-944262 
9-944517 
9-944771 
9-945026 
9-945281 
9-945586 
9-945790 
9-946046 
9-946299 
9-946554 
9*946808 
9-947063 
9-947818 
9-947572 
9-947826 
9-948081 
9-948836 
9-948590 
9-948844 
9-949099 
9-949868 
9-949607 
9-949862 
9-950116 
9-950870 
9-960626 
9-950879 
9*951 188 
9-961888 
9-951642 
9-951896 
9-952160 
9-962405 
9-952669 
9-962918 
9-953167 
9-953421 
9-958676 
9*958929 
9-964183 
9*954437 


425 
425 
426 
426 
425 
425 
425 
425 
425 
425 
425 
426 
426 
425 
424 
424 
424 
424 
424 
424 
424 
424 
424 
424 
424 
424 
424 
424 
424 
424 
424 
424 
424 
424 
424 
424 
424 
424 
423 
423 
423 
428 
423 


10H)60887 
10-060682 
10-060827 
10-060072 
10-069817 
10-059662 
10-069806 
10-059051 
10-058796 
10-058542 
10-058286 
10-058082 
10-057777 
10-057622 
10-057267 
10-057012 
10*056757 
10-056502 
10-056248 
10-055998 
10-055788 
10-055488 
10-055229 
10-054974 
10-054719 
10-054465 
10-054210 
10-058955 
10*058701 
10-053446 
10-058192 
10-052987 
10-052682 
10052428 
10-052174 
10-051919 
10-051664 
10*051410 
10*051156 
10-050901 
10-050647 
10-050893 
10-060188 
10049884 
10-049680 
10-049875 
10-049121 
10-048867 
10-048612 
10-048358 
10048104 
10047850 
10-047596 
10-047841 
10-047087 
10-046888 
10-046579 
10*046825 
10046071 
10-045817 
10-046668 


123211 
128822 
123482 
123548 
128658 
123764 
123875 
123986 
124096 
124207 
124318 


124541 
124662 
124763 
124^74 
124986 
125097 
125209 


122220    9-877780  60  j 
122330  183  9-877670  o9  I 
122440 183.9-877660  o8 
122550  183  9-877450  57 
122660)183  9-677340  56 
122770  183  9-877230  55 
122880  1849-877120  54  ! 
122990 184:9-8n010  53  ' 
12310lll84,9-876899  52 
18419-876789  61 


184;9-876678  50 
1&4  9-876568  49 
18419-876457  48 
184'9-876347  47 
184.9-87623&  46 
185,9-876125  45 
185  9-876014  44 
185j9-875904  43 
185  9-876793  42 
185 


124429186 


185 


9-875682  41 
9-875571  40 
9-876459' 39 
185  9-87o34a;  38 
185|9  876287i  37 
185|9-876126136 
186!9-876014  35 
186:9-874903  34 
186:9-874791  33 


125320  186  9-8746^;l32 


125432 

125544 

125656 

126768 

125879 

125991 

126104 

126216 

126828 

126440 

126662 

126666 

126777 

126890 

127002 

127115 

127228 

127841 

127453 

127566 

127679 

127792 

127905 

128019 

128182 

128245 

128869 

128472 

128686,189 

128699189 

128813  189 

128927189 


18619-874568  31 
186.9-874456  30 
186,9-874344  29 


186 
186 
187 
187 
187 
187 
187 
187 
187 
187 
187 
188 
188 
188 
188 
188 
188 
188 
188 
188 
189 
189 
189 
189 
189 


9-874232  28 
9-874121  27 
9-874009  26 
9-873896  25 
9-873784  24 
9-873672  23 
9-873560  ;22 
9-878448  21 
9-873836^ 
9-878-223  19 
9*878110  18 
9-872998  17 
9-872885  16 
9-872772  15 
9-87265914 
9-872547  13 
9-872434  12 
9-872321  11 
9-872208 '10 
9-872095;;  9 
9-871981  8 
9-8T1868-  7 
9-871755;  6 
9-871641.  5 
9-871528li 
9-871414i 
9-871301 
9-871187: 
9-8710731 


Ortaagtat.  I 


Tangoat.    ■!  Oawaat.  I 
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LoaABUHMio  suits,  ma. 


88 


42 

DM. 

/ 

Mm. 

DI81 

100" 

Omwt 

TUgti*. 

IMff. 
100* 

(Mutnt. 

8a«Mt 

Diff. 

IQOf 

OodM. 

/ 

0 

9-825611 

•174489 

9-964487 

10-045663 

•128927 

9-871073  60 

1 

9-826661 

284 

•174849 

9-964691 

428 

10-045809 

•129040 

190 

9-870960159 

2 

9-82ff791 

288 

-174209 

9-964945 

428 

10-045065 

•129164 

190 

9-870846;  58 

8 

9-826981 

288 

•174069 

9-966200 

428 

10-044800 

•129268 

190 

9-8707S2;67 

4 

9-826071 

288 

•1T8929 

9-966454 

428 

10-044546 

•129882 

190 

9-870618:,56 

6 

9-826211 

288 

•178789 

9-965707 

428 

10-044298 

•129496 

190 

9-870504,56 

6 

9-826861 

288 

•178649 

9-966961 

428 

10-044089 

•129610 

190 

9-870390'54 

7 

9-826491 

288 

•178509 

9-966216 

428 

10048785 

•129724 

190 

9^870276>8 

8 

9-826681 

288 

•178869 

9^966469 

428 

10-048681 

•129889 

190 

9^87016l'52 

9 

9-826770 

288 

•178280 

9-966723 

428 

10^048277 

•129958 

190 

9870047  51 

10 

9-826910 

282 

•178090 

9-966977 

428 

10^048023 

-180067 

191 

9-869988  50 

11 

9-827049 

282 

•172961 

9-967281 

428 

10^042769 

•180182 

191 

9-869818 149 

12 

9-827189 

282 

•172811 

9*967485 

428 

10^042615 

•180296 

191 

9^869704 

^8 

18 

9-827828 

282 

•172672 

9-967789 

428 

10-042261 

•180411 

191 

9^869689:|47 

14 

9-827467 

282 

•172588 

9-967998 

428 

10^042007 

•180626 

191 

9869474  46 

16 

9827606 

282 

•172894 

9-958246 

428 

10^041 754 

•180640 

191 

9869860'  46 

16 

9-827746 

282 

•172265 

9^968600 

428 

10-041600 

•180765 

191 

9-869245;|44 

17 

9-827884 

282 

•172116 

9-968764 

428 

10-041246 

-180870 

191 

9^869180 

^8 

18 

9-828028 

281 

•171977 

9-969008 

428 

10^040992 

-180986 

191 

9-869015k2 

19 

9-828162 

281 

•171888 

9-969262 

428 

10-040788 

•181100 

192 

9^868900  41 

20 

9-828801 

281 

•171699 

9-969616 

428 

10040484 

•181215 

192 

9-868785  '40 

21 

9-828489 

281 

•171661 

9-959769 

428 

10-040231 

•181880 

192 

9-868670  39 

22 

9-828678 

281 

•171422 

9-960028 

423 

10089977 

-181446 

192 

9-868656;38 

28 

9-828716 

281 

•171284 

9-960277 

428 

10-089728 

-181660 

192 

9-868440  87 

24 

9-828866 

281 

•171146 

9-960631 

428 

10089469 

-181676 

192 

9^868824,86 

25 

9-828998 

280 

•171007 

9-960784 

428 

10-089216 

-181791 

192 

9-868209. 85 

26 

9-829181 

280 

•170869 

9-961038 

428 

10-088962 

•181907 

192 

9-868093  84 

27 

9-829269 

280 

•170781 

9-961291 

428 

10088709 

-182022 

192 

9-86797888 

28 

9-829407 

280 

•170698 

9-961646 

428 

10-088466 

•182188 

193 

9-867862  82 

29 

9-829645 

280 

•170465 

9-961799 

428 

10088201 

•182253 

198 

9-867747;;81 

80 

9-829688 

280 

-170317 

9-962052 

423 

10087948 

•132869 

198 

9-867681 

80 

81 

9-829821 

280 

•170179 

9-962806 

428 

10-087694 

•182485 

193 

9-867516 

29 

82 

9-829959 

229 

•170041 

9-962660 

428 

10-087440 

•132601 

198 

9-867899 

28 

88 

9-880097 

229 

•169908 

9-962813 

428 

10-087187 

-132717 

198 

9-867288 

27 

84 

9-880284 

229 

•169766 

9-968067 

428 

10-086988 

-182883 

193 

9-867167 

26 

86 

9-880872 

229 

•169628 

9-968820 

428 

10-086680 

-182949 

193 

9-867051 

26 

86 

9-880609 

229 

•169491 

9-968574 

428 

10086426 

•188065 

198 

9-866935 

24 

87 

9-880646 

229 

•169854 

9-968827 

428 

10-086178 

-188181 

194 

9-866819 

28 

88 

9-880784 

229 

•169216 

9-964081 

428 

10086919 

•188297 

194 

9-866703 

22 

89 

9-880921 

229 

•169079 

9-964885 

428 

10-086666 

•188414 

194 

9-866686 

21 

40 

9-881058 

228 

•168942 

9-964688 

428 

10-085412 

•188680 

194 

9-866470 

20 

41 

9-881195 

228 

•168805 

9-964842 

428 

10-086158 

-188647 

194 

9-866868 

19 

42 

9-881882 

228 

-168668 

9-965096 

422 

10-084905 

-188768 

194 

9-866287 

18 

48 

9-881469 

228 

•168581 

9-966849 

422 

10-084651 

•188880 

194 

9-866120 

17 

44 

9-881606 

228 

•168894 

9-966602 

422 

10-084898 

•188996 

194 

9-866004 

16 

45 

9-881742 

228 

•168258 

9-966866 

422 

10-084146 

•184113 

196 

9-865887 

15 

46 

9-881879 

228 

•168121 

9-966109 

422 

10-088891 

•184280 

196 

9-865770 

14 

47 

9-882015 

228 

•167985 

9-966862 

422 

10-088688 

•184847 

196 

9-866663 

18 

48 

9-882152 

227 

•167848 

9-966616 

422 

10-088884 

•184464 

196 

9-865686 

12 

49 

9-882288 

227 

•167712 

9-966869 

422 

10-033181 

-184581 

195 

9-866419 

11 

60 

9-882426 

227 

•167675 

9-967128 

422 

10-082877 

•184698 

195 

9-866802 

10 

61 

9-882661 

227 

•167489 

9967876 

422 

10-082624 

•184816 

195 

9-865185 

9 

62 

9-882697 

227 

•167808 

9-967629 

422 

10-082871 

•184982 

196 

9-865068 

8 

68 

9-882888 

227 

•167167 

9-967888 

422 

10-082117 

•186060 

195 

9-864960 

7 

64 

9-882969 

227 

•167031 

9-968186 

422 

10-081864 

-186167 

195 

9-864883 

6 

66 

9-888106 

226 

•166895 

9-968389 

422 

10-081611 

•186284 

196 

9-864716 

6 

66 

9-888241 

226 

•166759 

9-968648 

422 

10-081357 

-185402 

196 

9-864598 

4 

67 

9-888877 

226 

-166628 

9-968896 

422 

10-081104 

-186619 

196 

9-864481 

8 

68 

9-888612 

226 

•166488 

9-969149 

422 

10-080861 

-186687 

196 

9-864363 

2 

69 

9-888648 

226 

•166862 

9-969408 

422 

10-080597 

-186765 

196 

9-864245 

1 

60 

9-883783 

226 

-166217 

9-969666 

422 

10-080844 

•186878 

196 

9-864127 

0 

0«iine. 

1  SMant.  II  OoUa<«Bt. 

TMgVAt. 

OOMMBt 

Blae. 

1 

87 
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43  DBG. 


0 

1 

2 
3 
4 
6 
6 
7 
8 
9 
10 
11 
12 
18 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
26 
26 
27 
28 
29 
80 
81 
82 
88 
34 
85 
86 
87 
88 
39 
40 
41 
42 
48 
44 
45 
46 
47 
48 
49 
50 
51 
52 
58 
54 
55 
56 
57 
58 
59 
60 


9-888788 
9838919 
9-884054 
9-884189 
9-884825 
9-884460 
9-884595 
9-884780 
9-884865 
9-884999 
9-885184 
9-885269 
9-885408 
9-885588 
9-835672 
9-885807 
9-885941 
9-836076 
9-836209 
9-886848 
9-836477 
9-886611 
9-886745 
9-836878 
9-887012 
9-887146 
9-887279 
9-837412 
9-837546 
9-837679 
9-837812 
9-837946 
9-838078 
9-838211 
9-888344 
9-838477 
9-888610 
9-838742 
9-838876 
9-839007 
9-839140 
9-839272 
9-839404 
9-889536 
9-839668 
9-839800 
9-839932 
9-840064 
9-840196 
9-840328 
9-840459 
9-840591 
9-840722 
9-840864 
9-840986 
9-841116 
9-841247 
9-841378 
9-841509 
9-841640 
9-841771 


Cosine. 


Diff. 
100* 


226 
225 
225 
225 
225 
225 
225 
225 
225 
224 
224 
224 
224 
224 
224 
224 
224 
228 
228 
223 
228 
228 
228 
228 
222 
222 
222 
222 
222 
222 
222 
222 
221 
221 
221 
221 
221 
221 
221 
221 
220 
220 
220 
220 
220 
220 
220 
219 
219 
219 
219 
219 
219 
219 
219 
218 
218 
218 
218 
218 


•166217 
•166081 
•165946 
•165811 
•166675 
•165540 
•166405 
•166270 
•165135 
•165001 
.164866 
•164781 
•164597 
•164462 
•164828 
•164193 
•164059 
•163925 
•163791 
•163657 
•168528 
•168389 
•168266 
•163122 
•162988 
•162854 
•162721 
•162588 
•162454 
•162821 
•162188 
•162056 
•161922 
•161789 
•161666 
•161628 
•161890 
•161258 
•161125 
•160993 
.160860 
•160728 
•160696 
•160464 
•160332 
•160200 
•160068 
.159986 
•159804 
•159672 
•169541 
159409 
•159278 
•169146 
•159016 
•158884 
.158753 
•168622 
•168491 
•158360 
•158229 


THkfent 


9-969656 
9-969909 
9-970162 
9-970416 
9-970669 
9-970922 
9-971175 
9-971429 
9-971682 
9-971986 
9-972188 
9-972441 
9*972694 
9-972948 
9-973201 
9*978454 
9-973707 
9^978960 
9-974213 
9-974466 
9-974719 
9-974973 
9-976226 
9-975479 
9-976732 
9-975985 
9^976238 
9-976491 
9-976744 
9-976997 
9-977250 
9-977503 
9-977756 
9-978009 
9-978262 
9-978516 
9-978768 
9-979021 
9-979274 
9-979527 
9-979780 
9-980038 
9-980286 
9-980588 
9-980791 
9-981044 
9-981297 
9-981650 
9-981803 
9-982056 
9-982309 
9-982562 
9-982814 
9-988067 
9*983320 
9-988578 
9-983826 
9-984079 
1 9-984381 
1 9-984584 
19-984837 


fleaant.     \\  CotMngent. 


Dur. 

100^ 


422 
422 
422 
422 
422 
422 
422 
422 
422 
422 
422 
422 
422 
422 
422 
422 
422 
422 
422 
422 
422 
422 
422 
422 
422 
422 
422 
422 
422 
422 
422 
422 
422 
422 
422 
422 
422 
422 
422 
422 
422 
422 
422 
422 
422 
422 
422 
422 
422 
422 
421 
421 
421 
421 
421 
421 
421 
421 
421 
421 


OoUafl«Bt 


10-080844 
10-080091 
10-029888 
10-029584 
10^029831 
10-029078 
10-028825 
10-028571 
10-028818 
10-028066 
10-027812 
10027559 
10-027806 
10-027052 
10026799 
10-026546 
10-026293 
10-026040 
10025787 
10-025584 
10-026281 
10-025027 
10024774 
10-024521 
10-024268 
10-024016 
10-028762 
10-028509 
10-023266 
10-028003 
10-022750 
10-022497 
10-022244 
10-021991 
10021788 
10-021486 
10-021232 
10-020979 
10-020726 
10-020478 
10-020220 
10-019967 
10019714 
10-019462 
10-019209 
10-018956 
10-018708 
10-018460 
10-018197 
10-017944 
10-017691 
10-017488 
10-017186 
10-016933 
10-016680 
10-016427 
10-016174 
10-016921 
10-015669 
10-015416 
10-015163 


TwagnL 


•185878 
-185990 
-186108 
-186226 
-186844 
•186462 
-186681 
•186699 
-186817 
-186986 
-187054 
•187178 
•187291 
-187410 
-187629 
•187647 
•187766 
-187885 
•188004 
•138128 
-188242 
-188862 
-188481 
-188600 
•138720 
-188839 
•188959 
-189078 
-189198 
-189318 
-189438 
-189558 
•189678 
-189798 
•189918 
-140088 
-140158 
-140279 
-140899 
-140520 
-140640 
-140761 
-140881 
•141002 
•141128 
•141244 
-141865 
-141486 
-141607 
-141728 
-141849 
•141971 
•142092 
-142214 
-142886 
-142457 
-142578 
•142700 
-142822 
-142944 
-143066 


Die 

UMT 


196 
196 
197 
197 
197 
197 
197 
197 
197 
197 
198 
198 
198 
198 
198 
198 
198 
198 
198 
198 
199 
199 
199 
199 
199 
199 
199 
199 
199 
200 
200 
200 
200 
200 
200 
200 
200 
201 
201 
201 
201 
201 
201 
201 
201 
202 
202 
202 
202 
202 
202 
202 
202 
202 
203 
203 
203 
208 
208 
203 


9864127  60 
9-864010  59 
9-868892  58 
9^863774  67 
9-868666!5« 
9-868538;S5 


9868419 
9-86S80I 
9863183 
9-863064 
9862946 
9862827!49 
9-862709li48 
9-862590,47 
9-862471  46 
9-862853  45 
9862234  !44 
9-862115143 
9861996  42 
9-861877  -41 
9-861758;  40 
9-861638  39 
9-861519.38 
9-861400:87 
9-861280136 
9-861161.35 
9-861041  34 
9-860922,38 
9-860802  '32 
9-860682,31 
9-860562!  30 
9-860442  29 
9-860322, 28 
9-860202  27 
9-860082  26 
9-859962 125 
9-859842  24 
9-859721,28 
9-859601  22 
9-859480  21 
9-859860  i20 
9-859289  =19 
9-859119.:i8 
9-858998  17 
9-868877  jl6 
9-858756  15 
9-858685  14 
9-858514!  13 
9-858898,12 
9-868272:11 
9-868151;  10 


9-858029 
9-857908 
9-867786; 
9-857665 
9-857543; 
9-857422, 
9-85730OJ  8 
9-857178  2 
9-857066-  1 
9-856984  0 


LOGARITHMIC  SISES,  ETC. 


85 
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0 

1 

2 
8 
4 
6 
6 
7 
8 
9 
10 
11 
12 
18 
14 
15 
16 
17 
18 
19 
20 
21 
22 
28 
24 
26 
26 
27 
28 
29 
80 
81 
82 
88 
84 
85 
86 
87 
88 
89 
40 
41 
42 
48 
44 
45 
46 
47 
48 
49 
50 
51 
52 
58 
54 
55 
56 
57 
58 


9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9< 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9-847071  i  213 


•841771 

841902 

842033 

-842168 

-842294 

-842424 

842555 

842685 

842815 

842946 

848076 

848206 

-848886 

848466 

848595 

848725 

848855 

848984 

844114 

844248 

844872 

844502 

844681 

844760 

844889 

845018 

845147 

845276 

845405 

845583 

845662 

'846790 

845919 

846047 

8461761  214 

846804'  214 

846482'  214 

846560!  218 

846688;  218 

846816  213 

846944  218 


l>iff. 


Ooa«oant.    Tangsot 


2181 

218  I 

218! 

217 

217 

217 

217 

217 

217 

217 

217 

216 

216 

216 

216 

216 

216 

216 

216 

215 

215 

215 

215 

216 

215 

215 

215 

214 

214 

214 

214 

214 

214 


847199  218 
847827  218 
847454,  218 
847682J  212 
847709!  212 
847886;  212 
847964  212 


59  I  9 

60  19 


-84809r212 
848218;  212 
8488451  212 
•848472  212 
•8486991  211 
848726  211 
848862  211 
848979'  211 
849106  211 
849232  211 
849359  211 
849485  211 


1 1   Cocine. 


•158229 
•158098 
•167967 
•167837 
•167706 
•167676 
•157445 
•157316 
•167186 
•167054 
•156924 
•156794 
•156664 
•156534 
•156405 
•156275 
•156146 
•166016 
•166886 
•156757 
•155628 
•165498 
•166869 
•156240 
•166111 
•164982 
•154853 
•154724 
•154596 
•164467 
•154388 
•154210 
•154081 
•153953 
•168826 
•158696 
•158668 
•153440 
•153312 
•158184 
•153056 
•152929 
•152801 
•152673 
•152646 
•152418 
•152291 
•152164 
•162036 
•151909 
•161782 
•161656 
•161628 
•161401 
•151274 
•161148 
•151021 
•150894 
•150768 
•160641 
•150616 


9-984837 
9-985090 
9-986343 
9-985596 
9-986848 
9-986101 
9-986364 
9-986607 
9-986860 
9-987112 
9-987865 
9-987618 
9-987871 
9-988123 
9-988376 
9-988629 
9-988882 
9^989134 
9-989387 
9-989640 
9-989893 
9^990145 
9-990898 
9-990651 
9-990903 
9-991166 
9-991409 
9-991662 
9-991914 
9-992167 
9-992420 
9-992672 
9-992925 
9-998178 
9-998430 
9-998683 
9-993936 
9-994189 
9-994441 
9-994694 
9-994947 
9-995199 
9-995452 
9-995705 
9-995957 
9-996210 
9-996463 
9-996716 
9-996968 
9-997221 
9-997473 
9-997726 
9-997979 
9-998231 
9-998484 
9  •998737 
9-998989 
9-999242 
9^999496 
9-99974 
10000000 


8ee»nt.    II  Cotanyint. 


Diff. 


421 
421 
421 
421 
421 
421 
421 
421 
421 
421 
421 
421 
421 
421 
421 
421 
421 
421 
421 
421 
421 
421 
421 
421 
421 
421 
421 
421 
421 
421 
421 
421 
421 
421 
421 
421 
421 
421 
421 
421 
421 
421 
421 
421 
421 
421 
421 
421 
421 
421 
421 
421 
421 
421 
421 
421 
421 
421 
421 
421 


Cotangont. 


10-015163 
10-014910 
10-014667 
10-014404 
10-014152 
10013899 
10-013646 
10013393 
10-013140 
10-012888 
10-012636 
10-012882 
10012129 
10-011877 
10-011624 
10011871 
10011118 
10-010866 
10-010613 
10-010360 
10010107 
10-009855 
10-009602 
10-009349 
10-009097 
10-008844 
10-008591 
10008338 
10-008086 
10-007838 
10-007580 
10-007328 
10-007075 
10-006822 
10-006570 
10-006317 
10-006064 
10-005811 
10-005559 
10-006806 
10-006053 
10-004801 
10-004548 
10-004295 
10004048 
10-003790 
10003537 
10003285 
10003032 
10-002779 
10-002527 
10002274 
10-002021 
10001769 
10-001516 
10-001263 
10-001011 
10000768 
10000605 
10000253 
10^000000 

Tangent. 


•143060 
•143188 
143310 
•143432 
143554 
143677 
•148799 
143922 
144044 
144167 
144289 
144412 
144535 
144658 
144781 
144904 
145027 
145150 
145273 
145897 
146520 
145644 
146767 
145891 
146014 
146138 
146262 
146386 
146610 
146684 
146758 
146882 
147006 
147181 
147255 
147880 
147504 
147629 
147758 
147878 
148008 
148128 
148258 
148378 
148508 
148628 
148754 
148879 
149004 
149130 
149256 
149381 
149607 
149682 
149768 
149884 
150010 
160136 
150262 
160389! 
160616^ 

Co«eeant.  I 


203 
208 
204 
204 
204 
204 
204 
204 
204 
204 
205 
205 
206 
205 
205 
206 
205 
206 
206 
206 
206 
206 
206 
206 
206 
206 
206 
207 
207 
207 
207 
207 
207 
207 
207 
207 
208 
208 
208 


9 
9-864856|i39 


208 

208 

208 

208 

209 

209 

209 

209 

20919 

20919 

2099 

2099 

2109 


Cofina. 


866934 
866812 
■856690 
■856568 
■856446 
-856323 
•866201 
•856078 
•855956 
-855883 
■855711 
•855588 
-856465 
•865342 
•855212 
•855096 
•864973: 
•8648501 
8547271 
864603 
-864480' 


9-854283||38 
9- 


Xl'r 


•854109  37 
9-853986!86 
9-863862  36 


210 
210 
210 
210 
210 
210 


210I9 


^1 
853788 

•863614 

'853490  ^- 

858866  31 

-853242130 

-858118:29 

-852994 

-862869 

-862745 

-852620 

-852496 

-862371 

862247 

-852122IJ21 

861997li20 

851872'!19 

851747||18 

851622117 

16 

16 

14 

13 

12 

11 

10 

9 

8 

7 

6 

6 

4 

8 

2 

1 

0 


85149' 
851872 
851246 
-861121 
850996 
850870 
850745 
860619 
860493 
860368 
850242 
850116 
849990 
849864 
849788 
849611 
849485 


Bine. 
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Abbbbtiatioh  of  the  rednetion  of  daefansli^lT. 

Abrasion,  limita  of,  301. 

Absolute  resistsuces,  288. 

Absolute  strength  of  cylindrical  colamns,  274. 

Aooelerated  motion,  386. 

Aooelerated  motion  of  wheel  and  axle,  419. 

Acceleration,  415. 

Aooeleration  and  mass,  422. 

Actual  and  nominal  horse  poireri  240. 

Addition  of  decimals,  22. 

Addition  of  fractions,  20. 

Adhesion,  207. 

Air,  expansion  of,  by  heat,  173. 

Air  that  passes  through  the  fire  for  each  horse 
IK>wer  of  the  engine,  210. 

Air,  water,  and  mercury,  365. 

Air-pump,  254. 

Air-pump,  diameter  of,  eye  of  aar-pnmp  cross 
head,  145. 

Air-pump  maohineiy,  dimensions  of  several 
parU  of,  144. 

Air-pump  strap  at  and  below  cutter,  147. 

Air-pump  studs,  144. 

Ale  and  beer  measure,  8. 

Algebra  and  arithmetic,  characters  used  in,  12. 

Algebraic  quantities,  184. 

Alloys,  strength  of,  287. 

Ambiguous  cases  in-  spherical  trigonometry, 
381. 

Amount  of  effectiye  power  produced  by  steam, 
266. 

Anchor  rings,  90. 

Angle  iron,  01,  408,  409,  410. 

Angles  of  windmill  sails,  445. 

Angles,  measurement  of,  by  compasses  only> 
382. 

Angular  magnitudes,  359. 

Angular  magnitudes,  how  meamxred,  373. 

Angular  velocity,  412. 

Apothecaries'  weighty  6. 

Apparent  motion  of  the  stars,  358. 

Application  of  logarithms,  334. 

Approximating  rule  to  find  the  area  of  a  seg- 
ment of  a  <^ole,  67. 

Approximations  for  fiMiilitating  caloulationB, 
55. 

Arc  of  a  oirde,  to  find,  49. 

Are  of  one  minute,  to  find  the  length  of,  861. 

Are,  the  length  of  which  is  equal  to  the  ra- 
dius, 357. 

Arohitecture,  naval,  453. 

Arcs,  circular,  to  find  the  lengths  of,  68. 

Area  of  segment  and  sector  of  a  circle,  51. 

Area  of  steam  passages,  220. 

Areas  of  circles,  57. 

Areas  of  segments  and  sones  of  circles,  64, 
66,  66,  67. 

Arithmetic,  10. 

Arithmetical  progression,  to  find  the  square 
root  of  numbers  in,  126. 

Arithmetical  solution  of  plane  triangles,  366. 


Arithmetical  proportion  and  progression,  36 

to  38. 
Ascent  of  smoke  and  heated  air  in  (ddmneys, 

208. 
Atmospheres,  elastic  force  of  steam  in,  195, 

196. 
Atmospheric  air,  weight  of,  856. 
Average  spedflc  gravity  of  timber,  S96. 
Avoirdupois  weight,  6. 
Axle  and  wheel,  417. 
Axle  of  locomotive  engine,  168, 169. 
Axle-ends  or  gudgeons,  301. 
Axles,  friction  of,  298,  300. 

Balls  of  cast  iron,  407. 

Bands,  ropes,  Ac,  267. 

Bar  iron,  400. 

Beam,  161. 

Beam,  the  strongest,  276. 

Bearings  of  water  wheels,  285. 

Bearings  or  journals  for  shafts  of  various 
diameters,  287. 

Beaters  of  threshing  machine,  445. 

Before  and  behind  the  piston,  232. 

Bkst  pipe,  171. 

Blistered  steel,  281. 

Blocks,  cords,  ropes,  shelves,  428. 

Bodies,  cohesive  power  of,  175. 

Bodies  moving  in  fiuids,  324. 

Boiler,  171. 

Boiler  plate,  experiments  on,  at  Ugh  tempe- 
ratures, 220. 

Boiler  plates,  403. 

Boilers,  256  and  257. 

Boilers  of  copper  and  iron,  diminution  of 
the  strength  of,  219. 

Boilers,  properties  of,  215. 

Boilers,  strength  of,  218. 

Bolts  and  nuts,  406. 

Bolts,  screw  and  rive^  220. 

Boring  iron,  445. 

Bossut  and  Michelloti,  experiments  on  the 
discharge  of  water,  819. 

Boyle  of  Cork,  200. 

Bramah's  press,  427. 

Branch  steam-pipe,  148. 

Brass,  copper,  iron,  properties  of,  280. 

Brass,  round  and  square,  408. 

Breast  wheels,  328. 

Breast  and  overshot  wheels,  maximan  ve- 
locity of,  443. 

Buckets  and  shrouding  of  water  wheels,  446. 

Building,  to  support  witii  cast  iron  columns, 
293. 

Bushel,  5. 

Butt  for  air-pump,  146. 

Butt,  thickness  and  breadth  of,  143. 

Butt^  to  find  the  breadtii  of,  141. 

Byrne's  logarithmic  discovery,  340. 

Byrne's  theory  of  the  strength  of  materials, 
272. 
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CALcrLATXOH  in  the  art  of  Bhip-boilding,  453 

to  494. 
Calculation  of  Friction,  267. 
Carriajpes,  motion  of,  on  inclined  planes,  429. 
Carriages  travelling  on  ordinaiy  roads,  307. 
Carrier  or  intermediate  wheels,  434. 
Carts  on  ordinaiy  roads,  311. 
Cases  in  plane  trigonometry,  363. 
Cast  iron,  174. 
Cast  iron  pipes,  404. 
Centre  of  effort,  483. 
Centre  of  gravity,  175. 
Centre  of  gravity  of  displacement  of  a  ship, 

456,  457,  458. 
Centre  of  gyration,  180. 
Centre  of  oscillation,  187. 
Centres  of  bodies,  386. 
Centres  of  gravity,  gyration,  percussion  oe- 

cUlation,  391. 
Centripetal  and  centrifugal  forces,  178,  450. 
Chain  bridge,  412. 
Chimney,  171,  208,  257. 
Chimney,  siie  of,  212. 
Chimney,  to  what  height  it  may  be  carried 

with  safety,  212. 
Circle,  calcidations  respecting,  48, 49,  50, 53. 
Circle  of  gyration  in  water  wheels,  444^ 
Circles,  57  to  61. 
Circles,  areas  of,  57  to  63. 
Cironlar  arcs,  68. 
Circular  motion,  422. 
Circular  parts  of  spherical  triangles,  375. 
Circumference  of  a  circle  to  radius  1, 361. 
Circumferences  of  circles,  57. 
Cloth  measure,  7. 
CoefScient  of  efflux,  314. 
Coefficients  of  friction,  299. 
Cohesive  strength  of  bodies,  how  to  find,  281. 
Collision  of  nulway  trains,  452. 
Columns,  comparative  strength  of,  294. 
Combinations  of  algebraic  quantities,  134. 
Common  fractions,  15. 
Common  materials,  280. 
Complementary  and  supplementary  arcs,  374. 
Compound  proportion,  14. 
Condenser,  226. 
Condensing  water,  223. 
Conduit  pipes,  discharge  by,  322. 
Cone,  82. 

Conical  pepdulum,  185  to  187. 
Connecting  rod,  140,  141,253. 
Continuous  circular  motion,  432. 
Contraction  by  efflux,  316. 
Contraction  of  the  fluid  vein,  313. 
Contractions  in  the  calculation    of  loga- 
rithms, 348. 
Copper  boilers,  219. 
Copper,  iron,  and  lead,  405. 
Cosine,  to  find,  361. 
Cosines,  contangents,  Ac,  for  every  degree 

and  minute  in  the  quadrant,  540  to  576. 
Cosines,  natural,  411. 
Cover  on  the  exhausting  side  of  the  valve, 

in  parts  of  the  length  of  stroke,  231. 
Cover  on  the  steam  side,  226. 
Crane,  427. 

Crane,  sustaining  weight  of,  286. 
Crank  at  paddle  centre,  135. 
Crank  axle,  diameter  of  the  outside  boarings 

o^  168. 


Crank  axle  of  locomotiTe,  169. 

Crank  pin,  170, 252. 

Crank  pin  journal,  252. 

Crank  pin  journal,  to  find  the  diameter  of,  139. 

Crank  pin  journal,  to  find  the  length  of,  139. 

Cross  head,  252. 

Cross  head,  to  find  the  breadth  of  eye  of,  139. 

Cross  head,  to  find  the  depth  of  eye  o^  139. 

Cross  multiplication,  27. 

Cross  tail,  253. 

Cube,  79. 

Cube  and  cube  roots  of  numbers,  100  to  116. 

Cube  root  of  numbers  containing  decimalsu 
128. 

Cube  root,  to  extract,  32. 

Cubes,  397  to  400. 

Cubes,  to  extend  the  table  of,  128. 

Curve,  to  find  the  length  of,  by  constmetioii,72. 

Curves,  to  find  the  area«  of,  453. 

Cuttings  and  embankments,  97. 

Cylinder  side  rods  at  ends,  to  find  the  diame- 
ter of,  143. 

Cylinders,  80,  397  to  400. 

Cylinders  of  east  iron,  404. 

Daks  inclined  to  the  horizon,  316. 
Decimal  approximations  for  facilitating  eal- 

oulations,  55. 
Decimal  equivalents,  56. 
Decimal  fractions,  22. 
Decimal  fractions,  table  of^  73. 
Decimals,  addition  of,  22. 
Decimals,  division  of,  24. 
Decimals,  multiplication  of,  23. 
Decimals,  reduction  of,  25,  26. 
Decimals,  rule  of  three  in,  27. 
Decimals,  subtraction  of,  23. 
Deflection  of  beams,  295. 
Deflection  of  rectangular  beams,  294. 
Depth  of  web  at  the  centre  of  main  beam,  156. 
Destructive  effects  produced  by  cazriages  on 

roads,  311. 
Devlin's  oil,  297. 

Diagram  of  a  curve  of  sectional  areas,  460. 
Diagram  of  indicator,  265. 
Diameter  of  cylinder,  251. 
Diameter  of  main  centre  journal,  143. 
Diameter  of  plain  part  of  crank  axle,  169. 
Diameter  of  the  outside  bearings  of  the  crank 

axle,  168. 
Diameters  of  wheels  at  their  pitch  eirde  to 

contain  a  required  number  of  teeth,  436. 
Dimensions  of  the  several  parts  of  furnaces 

and  boilers,  254. 
Direct  method  to  calculate  the  logarithm  of 

any  number,  346. 
Direct  strain,  278. 
Discharge  by  compound  tubes,  321. 
Discharge  by  different  apertures  fbom  differ- 
ent heads  of  water,  318. 
Discharge  of  water,  446. 
Discharges  from  orifices,  426. 
Displacement  of  a  ship  when  treated  as  a 

floating  body,  455. 
Displacement  of  ships,  by  vertical  and  hori- 

lontal  sections,  460,  494. 
Distance  of  the  piston  ftom  the  end  of  its 

stroke,  when  the  exhausting  port  Is  shut 

and  when  it  is  open,  231. 
Distances,  how  to  measure,  309. 
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BiTision  by  logarithnuy  S36. 

Dodecaedron,  89. 

Double  acting  engines,  rods  of,  S50. 

Double  position,  44. 

Double  table  of  ordinates,  457. 

Drainage  of  water  through  pipes,  325. 

Dr.  Dalton,  and  his  countryman,  Dr.  Young, 

of  Dublin, 
Drums,  422. 

Drums  in  continuous  circular  motion,  432. 
Dry  or  corn  measure,  8. 
Duodecimals,  27. 
Dutch  sails  of  windmills,  338. 
D.  valres,  233. 
Dynamometer,  used  to  measure  foroe,  269. 

Eduction  ports,  171. 

Effective  discharge  of  water,  314. 

Effective  heating  surface  of  flue  boilers,  256. 

Effects  of  carriages  on  ordinary  roads,  311. 

Elastic  force  of  steam,  188. 

Elastic  fluids,  205. 

Elliptic  arcs,  69,  70,  71,  72. 

Embankments  and  cuttings,  97. 

Endless  screw,  431. 

Engineering  and  mechanical  materials,  386. 

Engine,  motion  of  steam  in,  206. 

Engine  tender  tank,  92. 

Enlargements  of  pipes,  interruption  of  dis- 
charge by,  321. 

Evolution,  29. 

Evolution  by  logarithms,  339. 

Eye,  diameter  of,  251. 

Eye  of  crank,  136. 

Eye  of  crank,  to  find  the  length  and  breadth 
of  large  and  small,  142. 

Eye  of  round  end  of  studs  of  lever,  143. 

Examples  on  the  velocity  of  wheels,  drams, 
and  pulleys,  438. 

Exhaust  port,  230. 

Expanded  steam,  236. 

Expansion,  237. 

Expansion,  economical  effect  of,  216. 

Experiments  on  the  strength  and  other  pro- 
perties of  oast  iron,  174. 

Explanation  of  characters,  12. 

Extended  theory  of  angular  magnitude,  874. 

Exterior  diameter  of  large  eye,  252. 

Extraction  of  roots  by  logarithms,  339. 

Fall  of  water,  444. 

Feedpipe,  150. 

Feed  water,  222. 

Felloes  of  wheels,  309. 

Fellowship,  or  partnership,  41. 

Fire-grate,  171, 214. 

Fitsgerald,  264,  269. 

Flange,  91. 

jn&t  bar  iron,  407. 

Flat  iron,  400. 

Flexure  by  vertical  pressure,  292. 

Flexure  of  revolving  shafts,  pillars,  Ac,  296. 

Fines,  256. 

Flues,  fires,  and  boilers,  217. 

Fluids,  the  motion  of  elastic,  205. 

Fluids,  to  find  the  specific  gravity  of,  392. 

Fluids,  the  pressure  of,  448. 

Fluid  vein,  contraction  of,  313. 

Foot-valve  passage,  149. 

Force,  267. 

Foree,  loss  of,  in  steam  pipes,  221. 


Force  of  steam,  188. 

Forces,  centrifugal  and  centripetal,  178, 450. 

Fore  and  after  bodies  of  immersion,  456, 460. 

Form,  the  strongest,  275. 

Formulas  for  the  strength  of  various  parts 
of  marine  engines,  251. 

Formulas  to  find  the  three  angles  of  a  sphe* 
rical  triangle  when  the  three  sides  are 
given,  385. 

FormulxL,  very  usefbl,  271. 

Fourth  and  fifth  power  of  nnmbeni,  129. 

Fractions,  common,  15. 

Fractions,  reduction  of,  16,  17,  18,  19. 

Fractions,  addition  of,  20. 

Fractions,  subtraction  of,  21. 

Fractions,  multiplication  of,  21. 

Fractions,  division  of,  21. 

Fractions,  the  rule  of  three  in,  21. 

Fractions,  decimal,  22. 

Fractions,  table  of,  73. 

Fractions,  addition  contracted,  78. 

Fracture,  292. 

Franklin  Institute,  172,  219. 

French  litre,  355. 

French  measures,  5,  6. 

French  metre,  347. 

Friction,  238. 

Friction,  coeffioents  of,  300. 

Friction  of  fluids,  325. 

Friction  of  rest  and  of  motion,  267. 

Friction  of  steam  engines  of  different  modi- 
fications, 302. 

Friction  of  water  against  the  sides  of  pipes,321 . 

Friction  of  water-wheels,  windmills,  Ac,  267. 

Friction,  or  resistance  to  motion,  in  bodies 
rolling  or  rubbing  on  each  other,  297. 

Friction,  laws  of,  298. 

Frustums,  83. 

Frustum  of  spheroid,  87. 

Furnace,  256. 

Furnace  room,  213. 

Oallov,  5. 
Gases,  394. 
Geering,  422. 

General  and  universal  expression,  376. 
General  observations  on  the  steam  engine,259. 
General  trigonometrical  solutions,  365,  869. 
Geometrici^  construction,  362. 
Geometrical  construction  of  the  proportion 

of  the  radius  of  a  wheel  to  its  pitch,  440. 
Geometrical  proportion  and  progression,  88. 
Gibs  and  cutter,  140,253. 
Gibs  and  cutter  through  air  pump  oross-head, 

146,  147. 
Gibs    and    cutter   through   eross-tail   and 

through  butt,  141. 
Gibs  and  cutter,  to  find  the  thickness  and 

breadth  of,  143. 
Girder,  275. 

Girth,  the  mean  in  measuring,  94. 
Glenie,  the  mathematician,  287. 
Globe,  85. 
Grate  surface,  255. 
Gravity,  centre  of,  175, 386. 
Gravity,  specific,  391. 
Gravity,  weight,  mass,  386. 
Gudgeons,  420. 
Gyration,  centre  of,  180, 390. 
GyraUon,  the  centre  of  different  figures  and 

bodies,  181. 
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Hbads  of  wfttor,  818. 

Heating  sor&ee,  250. 

Heaiiiig  stufaoe  of  boilers,  215. 

Heights  and  diBchargei  of  water,  819. 

Heights  and  distances,  359. 

Height  of  chimneys,  210. 

Height  of  metaoentre,  489,  488. 

Hewn  and  sawed  timber,  95. 

Hexagon,  heptagon,  48. 

High  pressure  and  oondensiiig  engines,  284. 

Hollow  shafts,  to  find  the  strength  of,  284. 

Horiiontal  distance  of  oeotre  of  radios  bar, 

246,  247. 
Horse  power,  240. 
Horse  power  of  an  engine,  dimensions  made 

to  depend  upon  the  nominal  hone  power 

of  an  engine,  147. 
Horse  power  of  pumping  engines,  447. 
Horse  power,  tables  of,  248, 244. 
Hot  blast,  174. 
Hot  liquor  pumps,  448. 
Hydraulic  pressure  working  machinery,  380. 
HydrauUcs,  287, 812. 
Hydrogen,  weight  of,  850. 
Hydrostatic  press,  448. 
Hyperboloid,  88. 

Hyperl)olio  logarithms,  180  to  188. 
Hyperbolic  logarithms,  how  to  calculate,  858. 
Hypothenuse  of  a  spherical  triangle,  to  find, 

878. 
Hypothenuse,  47. 

ICOBASDBOH,  89. 

Immersed  portions  of  a  ship^  to  eaknlate, 
450. 

Immersion  and  emersion,  458  to  467. 

Impact,  449. 

Impinging  of  elastic  and  inelastio  bodies, 
452. 

Inaccessible  distances,  872. 

Inches  in  a  solid  foot,  96. 

Inclined  plane,  428, 429,  480. 

Inclination  of  the  traces  of  ordinary  ear- 
riages,  311. 

Inclinations,  discharge  of  a  6-inoh  pipe  at 
several,  326. 

Increase  of  efficiency  arising  from  working 
steam  ezpansirely,  262. 

Index  of  logarithms,  834. 

Indicator,  264,  265. 

"Indicator,  the  amount  of  the  eifeetiTe  power 
of  steam  by,  266. 

Induction  ports,  171. 

Inelastic  bodies,  449. 

Influence  of  pressure,  Telocity,  width  of  fel- 
loes, and  diameter  of  wheels,  809. 

Initial  plane,  456, 480,  600. 

Initial  yelocity  with  a  free  descent,  888. 

lojeotion  pipe,  150. 

Inside  discharging  turbine,  880. 

Integer,  10. 

Integers,  to  find  the  square  root  of,  126. 

Interest,  simple,  42. 

Interest,  compound,  48. 

luTolution,  28. 

Involution,  or  the  raising  of  powers  by  loga- 
rithms, 338. 

Irregular  polygons,  54. 

Iron,  forged  and  wrought^  272. 

Iron  plates,  403. 

Iron,  properties  of,  175. 


Iron,  strength  ot,  173. 

Iron,  taper  and  parallel,  angle  and  T,  zaIU 
way  and  sash,  408»  41L 

Jbt,  specific  gravity  o^  394. 

Journal  of  cross-head,  to  find  diamptw  ol^lSfls. 

Journal  of  oross-head,  to  find  the  kngtli 

of,  1.39. 
Journal,  the  mean  oentr«|,  to  find  the  diamatfr 

of,  143. 
Journal,  strain  of,  252. 
Journals  for  air-pump  cross-head,  14& 
Journals  for  shafts  of  vsrioos  diameten^  287. 
Julian  year,  357. 
Juste  Byrge,  the  inventor  of  logarithmsy  188. 

Have,  Fitsgerald,  269. 
Keel  and  keelson,  438  to  500. 
Kilometre,  5. 
Kilogramme,  6. 
Knots,  nodes^  Ac,  412. 

Lathi  spindle  wheel,  435« 

Laying  off  of  angles  by  oompaaaes  only,  3S^ 

Leg  of  a  spheri<»l  triangle,  to  find,  S77. 

Length  of  crank  pin  of  looomotive,  170. 

Length  of  paddle-shaft  jooraal,  139. 

Length  of  stroke,  227, 251. 

Lengths  that  may  be  given  to  stroke  of  the 

valve,  229. 
Lengths  of  cireolar  ares,  68. 
Lever,  426. 

Light  displacement,  459. 
Line  of  direction,  390. 
Link  next  the  radius  bar,  242. 
Living  forces,  or  the  principle  of  vis  vivay278. 
Load  immersion,  456,  457. 
Load-water  line,  456,  478. 
Locomotive  engine,  parts  of  the  cylinder,  171. 
Locomotive  engine,  diameter  of  the  ontside 

bearings  for,  163. 
Locomotive  engine,  dimensions  of  serenl 

moving  parts,  171. 
Locomotive  engine,  dimensions  of  aeverai 

pipes,  171. 
Locomotive  engine,  parts  of  the  boiler,  17L 
Locomotive  engine,  tender  tank,  92. 
Locomotive  and  other  euf^es,  238. 
Logarithmio  calculations,  376. 
Logarithmic  calculations  of  the   force  of 

steam,  190  to  198. 
Logarithmic  sines,  tangents,  and  secants  for 

every  minute  in  the  quadrant,  540,  576. 
Logarithms  applied  to  angular  ma^tadei^ 

359. 
Logarithms,  hyperbolic,  130. 
Logarithms  of  the  natural  numbers  from  1 

to  100000  by  the  help  of  differences^  508 

to  540. 
Logarithms,  the  application  o(  834. 
Long  measure,  7. 
Longitudinal  distanoe  of  the  centre  of  gmvity 

of  displacement,  470,  500. 
Loss  of  force  by  the  decrease  of  (empecatme 

in  the  steam  pipes,  221. 
Low  pressure  engines,  243. 
Lunes,  54. 


MACBnrxnr,  elements  of,  425. 
Machinery  worked  by  hydraulie 
330. 
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Hijor  and  minor  diametAn  of  eroes-hoMi, 

253. 
Main  beam  at  oeotro,  349. 
MaUeable  iron,  390. 
Marble,  288. 
Marine  boilen^  217. 
Mass,  267. 

Mass,  gmntf,  and  weighty  886. 
Mass  of  a  body,  to  find,  when  the  weight  is 

given,  889. 
Materials  employed  in  the  oonstraetion  of 

machines,  267. 
Materials,  their  propertiei,  tonion,  deflexion, 

Ac,  267. 
Maximum  accelerating  force,  421. 
Maximum  velocity  and   power   of  water 

wheels,  443. 
Measures  and  weights,  6. 
Measurement  of  angular  magnitadee,  374. 
Measurement  of  angles  by  eompaeseo  only, 

382. 
Mechanical  eifec^  417. 
Mechanical  powers,  422. 
Mechanical  power  of  steam,  261. 
Mensuration  of  solids,  79. 
Mensuration  of  timber,  93. 
Mensuration  of  snpeiiloies,  45. 
Mercury,  density  of,  360. 
Mercury,  to  calculate  the  force  of  steam  in 

inches  of,  201. 
Method  to  calculate  the  logarithm  of  any 

given  number,  340. 
Metaeentre,  482. 
Metre,  5. 
Midship,  or  greatest  transverse  seetion,  460, 

487. 
Millboard,  405. 
Millstones,  445. 
Millstones,  strength  of,  451. 
Modulus  of  elastic!^,  278. 
Modulus  of  logarithms,  343. 
Modulus  of  torsion  and  of  mptore,  279. 
Moment  of  inertia,  412. 
Motion  of  elastic  fluids,  205. 
Motion  of  steam  in  an  engine,  206. 
MnltipEcation  of  decimals,  23. 
Multiplication  of  fractions,  21. 
Multiplication  by  logarithms,  335. 
Musi<»l  proportion,  40. 

Natural  sines,  cosines,  tangents,  cotangents, 

sec^mts,  and  cosecants,  to  every  degree  of 

the  quadrant,  411. 
Naval  architecture,  453. 
New  method  of  multiplication,  842. 
Nitrogen,  weight  of,  366. 
Nominal  hone  power,  tables  of,  for  high  and 

low  pressure  engines,  243,  244. 
Notation  and  numeration,  10. 
Notation,  trigonometrical,  359. 
Number  corresponding  to  a  given  logarithm, 

351. 
Number  of  teeth,  or  the  pitch  of  small 

wheels,  435. 
Numbers,  fourth  and  fifth  powers  of,  129. 
Numbers,  logarithms  of,  540,  495. 
Numbers,  reciprocals  of,  73  to  78. 
Numbers,  squares,  cubes,  Ac,  of,  100  to  116. 
Numeral  solution  of  the  several  cases  of 

trigonometry,  361. 
Nuts  and  bolt^,  406. 


Oak,  Bantsio,  280. 

Obelisk,  to  find  the  height  o^  871. 

Oblique  triangles,  368. 

ObservatoiyatParisaas  9-80896  metre0,346. 

CByme's  turbine  tables,  381. 

Octagon,  48. 

Octaedron,  80. 

O'Neill's  experiments,  447. 

O'Neill's  rules  employed  in  the  ait  of  ship, 
building,  454. 

Opium,  specific  gravity  of,  394. 

Orders  of  lever,  426. 

Ordinates  employed  in  the  art  of  ship-build- 
ing, 455,  456,  458. 

Orifices  and  tubes,  discharge  of  water  by,  312. 

Orifices,  rectangular,  314. 

OscillatioQ,  centre  of,  187, 391. 

Outside  bearings  of  crank  axle,  168. 

Outside  discharging  turbines,  831. 

Overshot  wheels,  329. 

Overshot  wheels,  maTimnm  velocity  o^  443. 

Ox-hide,  299. 

Oxygen,  214»  356. 

PADDLB-shaft  Jonnia],  137,  25L 

Paraboloid,  88. 

Parabolic  conoid,  88. 

Parallel  angle  iron,  409. 

Parallel  motion,  242  to  246. 

Parallelogram  of  forces,  422. 

Parallelopipedon,  80. 

Partnership,  41. 

Partial  contraction  of  the  fluid  vein,  316. 

Passages,  area  of  steam,  220. 

P^def  s  expression  for  tiie  velocity  of  smoke 

in  chimneys,  213. 
Pendulums,  183, 391. 
Pendulum,  conical,  184. 
Pendulums,  vibrating  seconds  at  the  level  of 

the  sea  in  various  latitudes,  393. 
Percussion,  centre  of,  391. 
Periodic  time,  179. 

Permanent  weight  supported  by  beams,  284. 
Permutations  and  combinations,  44. 
Pillars,  strength  of,  293. 
Pinions  and  wheels  in  oontanuous  oireular 

motion,  432. 
Pipes,  discharge   and   drunage  of  water 

through,  321,  322,  325. 
Pipes  of  cast  iron,  395. 
Pipes  for  marine  engines^  149. 
Piston,  251. 

Piston  of  steam  engine,  414. 
Piston  rod,  140, 171,  253. 
Piston  rod  of  air-pump,  146. 
Pitch  circle,  436. 
Pitch  of  teeth,  441. 
Pitch  of  wheels,  435,  439. 
Plane  triangles,  solution  of,  364, 365. 
Plane  trigonometry,  359. 
Planks,  deals,  94. 
Polygons,  47,  48. 
Polygons,  irregular,  54. 
Port,  upper  and  lower,  229. 
Position,  double,  44. 
Position,  single,  43. 
Pound,  5. 

Power,  actual  and  nominal,  241. 
Power  and  properties  of  steam,  261. 
Power  that  a  cast-iron  wheel  is  capable  of 

transmitting.  442. 
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Power  of  sUfts,  204. 

Practical  applioation  of  the  meehaaieal 
powers,  425. 

Practical  limit  to  erpaaiion,  201. 

Practical  obserraCioDi  on  eteam  enginei,  260. 

Principle  of  yirtual  velocities,  423. 

Prism,  80. 

Prismoid,  85. 

Properties  of  bodies,  401. 

Proportional  dimensions  of  nnte  tad  bolts, 
400. 

Proportion,  14. 

Proportion,  mnsieal,  40. 

Proportion  and  progression,  arithmetical,  36 
to  38. 

Proportion  tad  progression,  geometrical,  38 
to  40. 

Proportion,  or  the  role  of  three  by  loga- 
rithms, 388. 

Proportion  of  wheels  for  sorew-entting;  433. 

Proportions  of  boilers,  grates,  Ac,  213. 

Proportions  of  the  lengths  of  oircnlar  arcs,  08. 

Proportions  of  undershot  wheels,  328. 

Polleys,  422, 427. 

Pump  and  pumping  engines,  440. 

Pumping  engines,  422. 

Pyramid,  82. 

Pyrometer,  03. 

QUADIUITT,  359. 

Quadrant,  log.  sines,  cosines,  Ac,  for  eyeiy 

minute  in,  540,  570. 
Quadrant,    natual   sines   and  cosines   for 

every  degree  of,  411. 
Quadrant^  to  take  angles  with,  370. 
Quantities,  known  and  unknown,  134. 
Quantity  of  water  that  flows  through  a  dr- 

oular  oriflce,  318,  310. 
Quiescence,  friction  of,  299. 

Radius  bar,  242. 

Radius  bar,  length  of,  corrected,  248. 

Radius  of  the  earth  at  Philadelphia,  350. 

Radius  of  gyration,  412. 

Radius,  length  of,  in  degrees,  357. 

Rails,  temporary,  411. 

Railway  carriage,  268. 

Railway  iron,  410. 

Raising  of  powers  by  logarithms,  338. 

Reciprocals  of  numbers,  73  to  78. 

Recoil,  449. 

Rectangle,  rhombus,  rhomboidee,  to  find 
the  areas  of,  45,  46. 

Reduction  of  fractions,  16, 17,  to  19,  20. 

Regnault's  experiments  on  oxygen,  Ac,  356. 

Regular  bodies,  90. 

Relative  capacities  of  the  two  bodies  under 
the  same  displacement,  456,  470. 

Relative  strength  of  materials  to  resist  tor- 
sion, 294. 

Revolving  shaft,  250. 

Alga  fir,  290. 

Right-angled  spherical  triangles,  374. 

Ring,  circular,  to  find  the  area  of,  53. 

Ring,  cylindrical,  90. 

Roads,  traction  of  carriages  on,  307. 

Rolled  iron,  395. 

Roman  notation,  11. 

Rope,  strength  of,  282. 

Ropes,  ban(&,  Ac,  267. 

Ropes,  blocks,  pulleys,  428. 


Ropes,  stilbieBS  o^  xeiiftaiiee  of.  to  bendia 

302. 
Ropeay  tarred  and  dry,  304»  306. 
Rotative  engines,  260. 
Rotation,  moment  of,  414. 
Rotation  of  a  body  about  a  Axed  axis,  416w 
Rotations  of  millstones,  452. 
Round  and  rectangular  bars,  strength  o^  ^L 
Round  bar-iron,  403. 
Round  steel  and  brass,  408. 
Rules  for  pumping  engines,  448. 
Rule  of  three,  13. 
Rule  of  three  by  logarithms^  338. 
Rule  of  three  in  fractions,  21. 
Rupture,  272. 

Satbtt  valves,  149, 150,  224. 

Sails  of  windniills,  332. 

Sash  iron,  410. 

Scales  of  chords,  how  to  conttniet,  360. 

Scale  of  displacement,  490. 

Scantling,  95. 

Screw  cutting  by  lathe,  433. 

Screw,  power  of,  430. 

Screw,  to  cut,  434. 

Sectional  area  measured,  456  to  468. 

Segments  of  eirdes,  64  to  67. 

Shelves^  cords,  blocks,  428. 

Ship-building  and  naval  arehlteotnre,  453. 

Sidereal  day,  9. 

Side  lever,  to  find  the  depth  aoroaa  the  eaotre 
of,  144. 

Side  rod,  246, 254. 

Side  rod  of  air-pump,  146. 

Sines,  cosines,  Ac,  411. 

Sines,  tangents  and  secants,  359. 

Singular  phenomena,  237. 

Sleigh,  268. 

Slide  valve,  225. 

Slide  valve,  a  cursoiy  examination  U,  2S2L 

Slopes  1^  to  1,  2  to  1,  and  1  to  1,  97, 

Sluice  board,  316. 

Smoke  and  heated  air  in  ohimneya,  202. 

Solid  inches  in  a  solid  foo^  96. 

Solids,  mensuration  of;  79. 

Space  described  by  a  body  during  a  free  de- 
scent in  vacuo,  388. 

Specific  gravity,  386,  391. 

Sphere,  85. 

Spheres,  397  to  400. 

Spheroid,  86,  87,  88. 

Spherical  trigonometry,  373. 

Spheroidal  condition  dT  wator  in  boiler^,  236. 

Spindle  and  screw  wheels,  434. 

Square,  to  find  the  area  oi^  45. 

Square  and  sheet  iron,  402. 

Squares  and  square  roots  of  nnmberSL  100 
to  116. 

Square  root,  30. 

Square  root  of  fractions  and  mixed  nvmbecL 
31. 

Square  measure,  6. 

Stobilily,  459. 

Stars,  apparent  motion  of,  353. 

Statical  moment  417. 

Steam  engine,  135. 

Steam  dome,  171. 

Steam  passages,  220. 

Steam  pipes,  loss  of  foroe  in,  222. 

Steam  port,  147, 148. 

Stoam  room,  259. 
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Steam,  elastlo  force  of,  188  to  202. 

Steam,  temperature  of,  preasore  of,  172. 

Steam,  yolnme  of,  202  to  200. 

Steam,  weight  of,  204. 

Steel,  408. 

Steel,  oast,  400. 

Stiffiiese  of  ropes,  802,  308. 

Stowage,  603. 

Stowing  the  hold  of  a  yeasel,  453,  458. 

Strap  at  cutter,  141. 

Strap,  mean  thioknets  of,  at  and  before  caU 

ter,  143. 
Strength  of  bodies,  282. 
Strength  of  boilers,  218. 
Strength  of  materials,  173,  271. 
Strength  of  rods  when  the  stndn  is  wholly 

tensile,  250. 
Strength  of  the  teeth  of  oast  iron  wheels,  437. 
.Qfadsofleyer,  143. 

1-wheel  and  pinion,  434. 
Subtraction  of  decimals,  23. 
Subtraction  of  fractions,  21. 

Tabui  by  which  to  determine  the  number  of 
teeth  or  pitch  of  small  wheels,  435. 

Table  containing  the  circumferences,  squares, 
cubes,  and  areas  of  circles,  from  1  to  100, 
advancing  by  a  tenth,  57,  58,  59,  60  to 
03. 

Table  containing  the  weight  of  columns  of 
water,  each  one  foot  in  length,  in  pounds 
avoirdupois,  401. 

Table  containing  the  weight  of  square  bar 
iron,  402. 

Table  containing  the  surfiice  and  solidity  of 
spheres,  togeUier  with  the  edge  of  equal 
cubes,  the  length  of  equal  cyUnders,  and 
weight  of  water  in  avoirdupois  pounds, 
397. 

Table  containing  the  weight  of  flat  bar  iron, 
400. 

Table  containing  the  specific  gravities  and 
other  properties  of  bodies;  water  the  stand- 
ard of  ccrmparison,  401. 

Table  containing  the  weight  of  round  bar 
iron,  403. 

Table  containing  the  weights  of  cast  iron 


pipes,  404. 
rablc 


Table  containing  the  weight  of  solid  cylin- 
ders  of  cast  iron,  404. 

Table  containing  the  weight  of  a  square  foot 
of  copper  aud  lead,  405. 

Table  for  finding  the  weight  of  malleable 
iron,  copper,  and  lead,  405. 

Table  for  finding  the  radius  of  a  wheel  when 
the  pitch  is  given,  or  the  pitch  when  the  ra- 
dius is  given,  for  any  number  of  teeth,  439. 

Table  for  the  general  construction  of  tooth 
wheels,  442. 

Table  for  breast  wheeb,  829. 

Table  of  polygons,  48. 

Table  of  decimal  approximations  for  facili- 
tating calculations,  55. 

Table  of  decimal  equivalents,  56. 

Table  of  the  areas  of  the  segments  and  sones 
of  a  circle  of  which  the  diameter  is  unity, 
64,  65,  66,  67. 

Table  of  the  proportions  of  the  lengths  of 
semi-elliptic  arcs,  69,  70,  72. 

Table  of  flat  or  board  measure,  93. 

Table  of  solid  timber  measure,  94. 


Table  of  reciprooals  of  number^  or  of  the 
decimal  fractions  corresponding  to  com- 
mon fractions,  71  to  77,  78. 

Table  of  weights  and  values  in  decimal 
parts,  79. 

Table  of  regular  bodies,  90. 

Table  of  the  cohesive  power  of  bodies,  175. 

Table  of  hyperbolic  logarithms,  130  to  133. 

Table  of  the  pressure  of  steam,  in  inches  of 
mercury  at  different  temperatures,  172. 

Table  of  the  temperature  of  steam  at  differ- 
ent pressures,  in  atmospheres,  172. 

Table  of  the  expansion  of  air  by  heal^  173. 

Table  of  the  strength  of  iron,  173. 

Table  of  the  superficial  and  solid  content  of 
spheres,  96. 

Table  of  solid  inches  in  a  solid  foot,  96. 

Table  of  squares,  cubes,  square  and  eabe 
roots,  of  numbers,  100, 101, 116,  125. 

Table  of  cover  on  the  exhausting  side  of  the 
valve  in  parts  of  the  stroke  and  distance 
of  piston  from  the  end  of  its  stroke,  231. 

Table  of  the  proportions  of  the  lengths  of 
circular  arcs,  68. 

Table  of  the  fourth  and  fifth  power  of  num- 
bers, 129. 

Table  of  the  properties  of  different  boil- 
ers, 215. 

Table  of  the  economical  effects  of  expan- 
sion, 216. 

Table  of  the  comparative  evaporative  power 
of  different  kinds  of  coal,  218. 

Table  of  the  cohesive  strength  of  iron  boiler 
plate  at  different  temperatures,  219. 

Table  of  diminution  of  strength  of  copper 
boilers,  219. 

Table  of  expanded  steam,  289. 

Table  of  the  proportionate  length  of  bearings, 
or  journals  for  shafts  of  various  diameters, 
287. 

Table  of  tenacities,  resistances  to  compres- 
sion and  other  properties  of  materials, 
288. 

Table  of  the  strength  of  ropes  and  chains, 
288. 

Table  of  the  strength  of  alloys,  289. 

Table  of  daU  of  timber,  289. 

Table  of  the  properties  of  steam,  261. 

Table  of  the  mechanical  properties  of  steam, 
263. 

Table  of  the  cohesive  strength  of  bodies,  281. 

Table  of  the  stren<^  of  common  bodies,  283. 

Table  of  torsion  aud  twisting  of  common  ma- 
terials,  286. 

Table  of  the  length  of  circular  arcs,  radius 
being  unity,  63. 

Table  of  experiments  on  iron  boiler  plate  at 
high  temperature,  220. 

Table  of  the  absolute  weight  of  cylindrical 
columns,  274. 

Table  of  flanges  of  girders,  276. 

Table  of  mean  pressure  of  steam  at  different 
densities  and  rates  of  expansion,  239. 

Table  of  nominal  hone  power  of  high  pres- 
sure engines,  244. 

Table  of  nominal  horse  power  of  low  pres- 
sure engines,  243. 

Table  of  dimensions  of  cylindrical  columns 
of  oast  iron  to  sustain  a  given  load  with 
safety,  293. 

Table  of  strength  of  columns,  294. 
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Table  of  oonpHBtiye  tonrioB,  1H» 

Table  of  the  depthe  of  iqiiare  beams  to  sap- 
oort  from  1  owt  to  14  tone,  295,  296. 

Table  of  the  reraltfl  of  ezperimenti  on  Mo- 
tions, with  nngnents  interposed,  299,  SOO. 

Tift>le  of  the  reralts  of  experiments  on  the 
fodiseons  or  axle^nds  in  motion  upon  their 
bearings,  801. 

Table  of  friction,  oontinned  to  abnuion,  SOI. 

Table  of  friction  of  steam  engines  of  diifer- 
ent  modifloations^  802. 

Table  of  tarred  ropes,  803. 

Table  of  white  ropes,  305. 

Table  of  dry  and  tanred  ropes,  800. 

Table  of  the  pressure  and  traction  of  oar- 
riages,  808. 

Table  of  traction  of  wheels,  309. 

Table  of  the  ratio  of  traction  to  the  load, 
310. 

Table  of  the  ooefBeients  of  the  efflax  tbrongh 
reotangolar  orifices  in  a  thin  vertical  plate, 
315. 

Table  of  the  coefficients  of  efflox,  815. 

Table  of  comparison  of  the  theoretical  with 
the  real  dischaiges  from  an  orifice,  817. 

Table  of  discharfi^  of  tobes  of  diiferent  en- 
largements, 822. 

Table  of  the  comparison  of  discharge  by  inpes 
of  different  lengths,  323. 

Table  of  the  comparison  of  discharge  Ivy  ad- 
ditional tubes,  323. 

Table  of  the  friction  of  fluids,  325. 

Table  of  discharges  of  a  0-inch  pipe  at  seye- 
ral  inclinations,  326. 

Table  of  the  velocity  of  windmill  sails,  888. 

Table  of  ontside  discharging  turbine,  831. 

Table  of  inward  discharging  turbines,  332. 

Table  of  peculiar  logarithms,  340. 

Table  of  useful  logarithms,  345. 

Table  of  the  specific  gravity  of  various  sub- 
stances, 394. 

Table  of  the  weight  of  a  foot  in  length  of  flat 
and  roUod  iron,  395. 

Table  of  the  weight  of  cast  iron  pipes,  895. 

Table  of  the  weight  of  one  foot  in  length  of 
malleable  iron,  396. 

Table  of  comparison,  396. 

Table  of  the  weight  of  a  square  foot  of  sheet 
iron,  402. 

Table  of  the  weight  of  a  square  foot  of  boiler 
plate  from  i  of  an  inch  to  1  inch  thick,  403. 

Table  of  the  weights  of  cast  iron  plates,  403. 

Table  of  the  weight  of  mill-board,  405. 

Table  of  the  weight  of  wrought  iron  bars,  406. 

Table  of  the  proportional  dimensions  of  nuts 
and  bolts,  406. 

Table  of  the  specific  gravity  of  water  at  dif- 
ferent temperatures,  406. 

Table  of  the  weight  of  cast  iron  balls,  407. 

Table  of  the  weight  of  flat  bar  iron,  407. 

Table  of  the  weight  of  square  and  round 
brass,  408. 

Table  of  taper  T  iron,  410. 

Table  of  sash  iron,  410. 

Table  of  rails  of  equal  top  and  bottom,  410. 

Table  of  temporary  rails,  411. 

Table  of  natural  sines,  cosines,  tangents,  co- 
tangents, secants,  and  cosecants,  to  every 
degree  of  the  quadrant,  411. 

Table  of  inclined  planes,  showing  the  ascent 
or  descent  tiie  yard,  430. 


Table  of  the  weight  of  roond  rteel,  408. 
Table  of  parallel  angle  iron  of  equal  aidei^  4iib 
Table  of  parallel  angle  iron  of  oneemal  odsi^ 

409. 
Table  of  taper  angle  iron  of  eqnal  aides,  499. 
Table  of  parallel  T  iron  of  nneqnal  width  and 

depth,  409. 
Table  of  ohaage  wheels  for  ierew-cattlBg^ 

435. 
Table  of  the  diameters  ef  wheels  ai  their 

piteh  cirde,  to  contain  a  raqoiied  nsBibsr 

of  teeth,  436. 
Table  of  the  angle  of  windmill  sails,  44& 
Table  of  the  logaritiims  of  the  natonl  nvm- 

hers,  from  1  to  100000,  by  the  help  of  dif. 

ferenees,  495  to  540. 
Table  of  log.  sines,  cosines,  tangents,  eotsa- 

gents,  secants  and  eoseeants,  for  eveiy  de- 
gree and  minute  in  the  qvadranty  540  t» 

576. 
Table  of  the  strength  of  tiie  teeth  of  east  iroa 

wheels  at  a  given  velocitjy,  4S7, 
Table  of  approved  proportions  for  wheds 

with  flat  arms,  441. 
Table  showing  the  cover  required  on  the 

steam  side  of  the  valve  to  oat  the  steam  off 

at  any  part  of  the  stroke,  228. 
Table  showing  the  cover  leqaired,  227. 
Table  showing  the  resistanoe   opposed  to 

the  motion  of  eaniages  on  di£^«nt  incli- 
nations of  ascending  or  descending  planes, 

429. 
Table  showing  the  number  of  linear  feet  ef 

scantiing  of  various  dimensions  which  ars 

equal  to  a  cubic  foot,  95. 
Table  showing  the  weight  or  pressure  a  beam 

of  cast  iron  will  sustain  without  deetroying 

its  ehistie  force,  292. 
Table  showing  the  circumference  of  repe 

equal  to  a  chain,  282. 
Table  to  correct  parallel  motion  links,  24SL 
Table  of  parallel  T  iron  of  equal  depth  and 

width,  410. 
Tables  of  cuttings  and  embankments,  slopes, 

1  to  1 ;  1^  to  1 ;  and  2  to  1,  97. 
Tables  of  the  heights  corresponding  to  difler- 

ent  velocities,  389. 
Tables  of  the  mechanical  properties  ef  the 

materials  most  commonly  employed  in  the 

construction  of  machines  and  framingSy 

280. 
Tangents,  360. 

Tangents  and  secants,  to  compute,  862. 
Taper  angle  iron,  410. 
Teeth  of  wheels  in  continnons  eSrealar  metiesii, 

432. 
Teeth  of  wheels,  422,  486. 
Temperature  of  steam,  172^ 
Temperature  and  elastic  foree  of  stean,  168. 
Tension  of  chain-bridge,  414 
Tetraedron,  89. 
Threshing  machines,  445. 
ThroUling  the  steam,  2S4. 
Timber  measure,  93. 
Timber,  to  measure  round,  95. 
Time,  7. 

Tonnage  of  ships,  461  to  494. 
Torsion,  279. 

Torsion  and  twisting,  286. 
Traction  of  carriages,  807. 
Transverse  strength  of  bodies,  281. 
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Traatyene  atrain,  S78. 

Tranfffene  itnin,  time  wdght^  278. 

Trapexinm,  47. 

Trapezoid,  47. 

Triangte,  to  find  the  area  of,  iO,  47. 

Trigonometxy,  869. 

Trigonometry,  spherioal,  878. 

Troy  weight)  7. 

Troased  beams,  291. 

Tabee,  disoharge  of  water  through,  812. 

Tabular  boilers,  257. 

Turbine  water-wheels,  830. 

Ultdcatb  pressure  of  expanded  iteami  286. 

Undeoagon,  47. 

Undershot  wheels,  827^  448. 

Ungnents,  299. 

Ungolas,  oylindrioal,  81. 

Ungulas,  conical,  88,  84. 

Unit  of  length,  6. 

Unit  of  weight,  6. 

Unit  of  dry  capacity,  5. 

Units  of  liquids,  6. 

Units  of  work,  269,  297,  414,  4i9. 

Uniyersal  pitch  table,  442. 

Upper  steam  port,  229. 

UseftU  formula,  271. 

Use  of  the  table  of  squares,  eubes,  Aa,  127. 

Yaojutm,  perfeot  one,  285. 
Vacuum  below  the  piston,  251. 
Vacuo,  bodies  £slling  freely  in,  888. 
Valves,  diiferent  arrangements  of,  288. 
Valve,  length  of  stroke  o^  in  inches,  228. 
Valve  shaft,  147. 
Valve,  safely,.  224. 
Valve,  sUde,  225. 
Valve  spindle,  171. 
Vapour  in  the  cylinder,  229. 
Vein,  contraction  of  fluid,  830. 
Velocity,  force,  and  work  done,  267. 
Velocity  of  steam  rushing  mto  a  vacuum,  207. 
Velocity  of  smoke  In  chimneys,  209,  218. 
Velocity  of  piston  of  steam  engine,  266. 
Velocity  of  threshing  machines,  millstones, 

boring,  Ac,  445. 
Velocity  of  wheels  on  ordinary  roads,  807. 
Ventuii,  experiments  o^  on  the  discharge  of 

fluids,  421. 
Versed  sine,  tabular,  52. 
Versed  sine  of  parallel  motion,  244 
Vened  sine,  859. 


Vertical  ieetfonal  areas,  454. 

Virtual  veloeiUes^  424. 

Vis  viva,  principle  o^  calculations  on,  276, 

888. 
Volume  of  a  ship  immersed,  456. 
Volume  of  steam  in  a  cubic  foot  of  water, 

202,  205. 

Water,  modulus  of  elasticity  oi,  190. 

Water  level,  214. 

Water,  feed  and  condensing,  228. 

Water,  spheroidal  condition  of,  in  boiler8,286. 

Water  in  boiler,  and  water  level,  858. 

Water,  discharge  of,  through  different  orifl- 

ces,  812,  318. 
Water  wheels,  327. 

Water  wheels,  maximum  velocity  of,  448. 
Web  of  crank  at  paddle  shaft  centre,  136. 
Web  of  cross-head  at  middle,  139. 
Web  of  crank  at  pin  centre,  142. 
Web  at  paddle  centre,  252. 
Web  of  cross-head  at  journal,  140. 
Web  of  air-pump  cross-head,  145. 
Wedge,  85. 

Wedge  and  screw,  430. 
Weights  and  measures,  5. 
Weights,  values  of,  in  decimal  parts,  79. 
Weight,  mass,  gravity,  886. 
Weirs,  and  rectangular  apertures,  814»  823. 
Wheel  and  axle,  417. 
Wheel  and  pinion,  427. 
Wheels,  drums,  pulleys^  488. 
Windmills,  332. 
Wine  measure,  8. 
Woods,  280. 

Woods,  specific  gravity,  894. 
Woric  done,  weight,  267. 
Wrought  iron  bars,  406. 

Tabd,  5. 

Yaeh^  admeasurement  of,  466,  470. 

Yams  of  ropes,  808. 

Yellow  brass,  281. 

Yew,  280. 

Znro,  280. 
Zinc,  sheet,  288. 
Zone,  spherical,  86. 

Zone,  to  And  the  area  of  a  aircular,  58. 
Zones  of  oirdea^  to  find  the  areas  of^  64,  65, 
66. 


THE  END. 
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